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A PROGRAM OF ECONOM C RESEARCH ON | MPROVI NG
ESTI MATI ON OF BENEFI TS FROM REDUCED POLLUTI ON

Executive Summary

Wil e recent evidence from public opinion polls shows no signifi-
cant decline in support for environmental protection prograns on the
part of the population, the disturbing economc problens of the late
1970's have |ed nmany people, both in and out of governnent, to ask
whether in all cases the benefits of the prograns designed and inple-
nmented over the past decade can be shown to justify the program costs.
The resulting call for nore conprehensive application of benefit-cost
analysis has stimulated in turn renewed interest in the technique
itself, its strengths and weaknesses; and a realization that our
know edge of the benefits of national environnental protection prograns
is largely inadequate to the projected task.

In evaluating environmental protection progranms or regulations
benefits are the damages prevented by the program or regulation
("policy" for short). That is, program benefits equal damages suffered
in the absence of the policy |ess damages suffered with the policy
in place. In sonme cases, benefits can be measured retrospectively,
as the actual results of existing policies. For policies not yet fully
in place, however, benefits nust be estimted prospectively; that is,
they nust be predicted.

Even in traditional applications to the evaluation of public works
projects, benefit-cost analysis has had trouble with benefits when
these accrue via the production of goods or services for which there

are no narkets -- whether the lack of markets is a matter of physica



i

necessity (as for the creation of scenic vistas) or of custom (as for
wat er - based recreation). These difficulties are exacerbated by sone
of the inmportant characteristics of the damages attributable to
environnmental pollution, and hence of the benefits that result from
controlling that pollution. In particular, there may be |arge geographic
areas and popul ations suffering the actual or prospective damages;
these damages may involve very subtle health effects or changes in
ecol ogi cal systenms; and in nmany instances the tine scale for future
damages is also very long, so that future generations are involved.

In the light of increasing official interest in using benefit-
cost analysis to evaluate EPA's environnental prograns and specific
regul ations, a committee of econom sts* was convened at Resources for
the Future in Decenber 1980 for the purpose of considering what
we know about pollution control benefit estimation, how much confidence
we can place in existing estimtes, what mnethodol ogical questions
most urgently need attention, and what najor data gaps denmand filling.
The attached report contains the conmittee's judgenent on those

i ssues.

Prograns and Benefits: A System Overview

The EPA prograns for which benefit estinates are desired are
diverse. The mmjor ones are:

e air quality

e water quality

e solid wastes

* See Appendix A for committee menbership and participation details.



e drinking water

noi se

radi ati on

toxi ¢ substances.

The elenments of the system by which these programs produce benefits

are, however, shared. These el enents include

Measures for controlling levels of damage:

L

control of sources of pollution discharge or release
separation of pollution sources from receptors of damage

protection of receptors.

nkages from man's production and consunption activities

to the experience of danmages

effects of program or regulation on discharge or rel ease
of pollutants

transportation, dilution, transformation of pollutants
by natural systens producing anbient environmental conditions

human responses to changes in anbient environmental conditions

val uati on of human responses.

Cat egori es of dammges (hence of benefits)

human heal th
recreation and amenity
mar ket ed goods

know edge of desirable (or undersirable) public actions
to preserve or enhance the environnent

anxi ety and loss of future options.

One view of the relationship among these elenents is shown schematically

in figure 1.

Econonics has its npbst obvious role in the valuation el enent

of this system but there are other elenments of the study to which it

can also contribute -- for exanple, in understanding human response to
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changes in ambient environmental conditions, as in recreation, and the
econonetri c- epi demni ol ogi cal approach to human health responses. In
addition, the nodeling of the natural system linkage, in order to capture
the effect of prograns and regul ati ons on anbient environmental conditions,
can best be undertaken in an interdisciplinary team setting because

the appropriate level of detail and resolution in such nodeling will

depend on the techniques chosen for estinating human responses and for
adding up the values of those responses to arrive at national benefit
totals.

Special Problens in National Benefits Estination

One especially vexing and sensitive problemin benefit estimtion
is the valuation of human health effects, whether these appear as increased
days of sickness (norbidity) or in increased death rates (nortality).
Earlier nethods of valuing reductions in death rates, which were based
on productivity measures for individuals of various ages and occupa-
tions, are being replaced by nethods based on reductions in statistica
risk to anonynous lives, with values being inferred from "risk prem uns"
found in wage differentials voluntarily accepted in occupationa
choices, or analogous risks "prices" found in other private decisions.
There remain substantial questions, however, such as the acceptability.
of extrapolation from voluntary private risks to involuntary public
ones, and from specific groups of self-selected workers to the popul a-
tion at |arge.

Ot her special problens include

e Valuation of anenity effects and of the know edge that environ-
mental quality is being maintained or inproved. These categories
of benefits are very difficult to approach via traditiona
met hods, especially since the "know edge" benefits and some
general anenity inprovenents do not involve overt, measurable
consuner behavi or.
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e Use of residential property value differentials as summary
neasures of a nunber of locally experienced pollution reduction
benefits. This source of information is convenient, but it
remai ns open to question just what effects it can be anticipated
are capitalized in housing prices.

e The matter of adding up is, in fact, an especially tricky
part of the process of national benefit estimation, for in
sonme categories of damages the nobst natural units of observa-
tion and neasurenent do not |end themselves easily to subse-
guent addition of effects from a geographically conprehensive
program This is true, for exanple, of water-based recreation,
where the site (such as |ake, pond, or river stretch) is a
traditional unit of observation. It is, however, difficult
to define "site" in such a way as to allow division of al
water bodies in the nation into appropriate units; and, in a
setting of a national program of pollution control, neasurenents
based on actual or prospective changes in quality at one site
may be msleading guides because of wi despread consumer shifting
in site use

EPA/ ORD Program

The program of benefit estimation maintained over the past severa
years by EPA/ORD has made significant headway against some of these
and other problens. For exanple: in the matter of valuing amenity
and know edge benefits, the program has supported research into the
devel opnent of highly structured survey questionnaire techniques
designed to avoid such anticipated pitfalls as the incentive for
respondents to msrepresent their wllingness to pay for program
results (their anticipated benefits) and the lack of incentive for
respondents to make an effort to think carefully about the questions.
These techniques, in the formcalled "bidding games", have been
applied to the valuation of visibility protection, both in such
special settings as the Gand Canyon and in ordinary nei ghborhoods.
In the latter case, it was possible to cross check the estimtes

of benefits against a property value neasure,and the results showed



an encouragi ng correspondence. Another survey technique, referred
to as the "anchored estimate", has been experinmentally applied to the
estimation of the benefits people accrue because of their know edge
that the nation is acting to achieve conprehensive and anbitious water
qual ity inprovenent.

O her advances have been nmade in the application of econonetric-
epi dem ol ogi cal methods to the determination of the human health
effects of air pollution control and of drinking water quality inprove-

ment, and in the neasurement of agricultural damage from air pollution

A Research Agenda for Continued Progress

The committee's reconmendations for a research program designed
to inprove our ability to assess the national benefits of EPA's prograns
and regul ations may conveniently be summarized in three categories:
- devel oprent of methods and further benefit assessnments
- data needs
- reduction of overall system uncertainties in national benefit

esti mat es

Devel opnent of Methods and Further Benefit Assessnents

The |argest nunber of committee recommendations for further
research involve application or refinement of pronmising, existing nethods
for benefit estimation. Prominent among these methods and applications:
- further work using econonetric-epideniol ogi cal methods and
aimed at estimating human response to varying doses of
environmental contam nation.
- use of risk premuns inplicit in differential wage rates,

property values, and other narket prices as bases for val uing
morbidity and nortality risks.
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-~ conparison anong the several available survey techniques
for assessing willingness to pay for environnental quality
i mprovenents

- application of survey techniques to such hard-to-approach
categories of benefits as visibility inmprovement (or main-
tenance), know edge of existence of clean environnents,
desire to maintain future environnmental options, and reduc-
tion of anxiety about uncertain threats to health and well-
bei ng

- investigation of data on nenbership in and contributions to
envi ronnental public interest groups as one possible basis
for estimating amenity, existence and option value, and
anxi ety-reduction benefits.

- estimation of agricultural damages due to pollution using
farm|level cost functions as these are affected by anbient
pol lution |evels.

The conmmittee also saw opportunities for the devel opnent of valuable
new tools and suggested several initial steps to this end, including:

- a pilot study of the possibility of estimating the human
health effects associated with anbient pollution from those
resulting from exposure to contamnants in the work place.

- a pilot project on nethods for estinating the econonmic val ue
of damage to materials from environmental pollution

~ exploration of several alternative routes to valuing reductions
inrisk and in anxiety about risky situations. These would
i nclude the use of natural hazard anal ogs (such as fl oods
and tornadoes), the extrapolation from other inherently risky
soci al problems such as crime, and the study of legislative
reaction to extrene events such as spills of contami nants
or discoveries of hazardous naterials dunp sites.

Dat a Needs
Three major data needs were identified and recomendati ons are
made concerning eventual inprovenent in the situation:

- health effects data at the level of individuals for whom
we al so have information on personal habits and exposure
to pollutants (at work and at home, as well as in the
anbient environment). This extrenmely inmportant gap in
avail able data can only be filled by a serious effort
involving at least a cross section study of about 10,000



i ndi vi dual s. More desirable would be a panel study involving
continuing study of 5,000 to 10,000 individuals over as
long as 20 years.

- data on participation in water related recreation activities
from enough individuals across the nation to allow estination
of participation prediction equations in which available
water quality is one of the independent variables. Meeting
this need will require a survey planned and executed al ong
the lines of the U S Fish and Wldlife Services quinquennia
survey of hunters and fishermen, but with questions concen-
trating on such activities as boating, sw ming, and picnick-
ing and hiking near water.

- data on the deterioration of materials in use due to anbient
pol lution. These data would have to distinguish damage
according to its econonic relevance (as in shortening the
physical life of a product as opposed to reducing its aesthetic
appeal ). The committee was not ready to suggest how this
shoul d be acconplished and recomended pil ot survey projects
of materials damage in several economic sectors as ways
to devel op and test techniques.

Reduction of Overall System Uncertainties in National Benefit Estinmates

It is not only the obviously econonic parts of the benefit
estimation system that contain uncertainties and thus detract from the
useful ness of national benefit estimates. It is also true that:

- W are often very uncertain about how a program or regulation
wi |l change discharges of pollutants or rel eases of contam n-
ants to the environment. (An area in which this is especially
troubl esome is the regulation of hazardous substances under
TSCA and RCRA.)

-~ Qur know edge of how natural systens transport, dilute, and
transform contami nants in producing anbient environmenta
conditions is often either inadequate or contained in nodels
of such space and tine detail as to render it practically
unavai | abl e for conprehensive national benefit estimation.

- The economnic nethods, though sound in thenmsel ves, may not
be readily adapted to aggregation over the entire nation.

Accordingly, the committee recommended a pilot project on conprehen-
sive analysis of uncertainties in national benefit estimtes. This

project would have as its objective a prelimnary indication of which



X
parts of the overall benefits system promise the best return to further
research investnent, where return is defined as reduction in uncertainty

about benefits per dollar of research noney spent.

Budget | nplications

The budget inplications of undertaking the research program
outlined briefly above and described in nore detail in the attached
report are summarized in the table below W have assunmed that all
except the continuing panel study for health and exposure data will
be done over three years.

Estinated Budgets for Research on Devel opi ng National
Benefit Estimates of Reduced Pollution

(1980 Dol | ars)

Wth Single Cross-Section Wth Continuing Panel

Health Effects Data Health Effects Data
Effort ($ mllion) Effort ($ mllion)
Met hodol ogy and Estimationé/ $ 8.50 $ 8.50
Conf er ences .18 .18
Meetings of Conmittee .04 .04
Cont i ngenci es .28 .28
Subt ot al 9.00 9.00
Heal t h Dat a 7.00 80
Recreation Data 1.80 1. 80
Material s Data 1.00 _1.00
TOTAL (over three years) $18. 80 $91. 80
Per Year $ 6.27 (For first 3 years) $ 8.903/
Not es: a/ I npl u.des pi l ot project on conprehensive analysis of uncer-
tainties.

b/ 10,000 subjects @ $500 per year over twenty years with sufficient
mortality to reduce undiscounted total costs to $80, 000, 000.

¢/ I'ncludes $5,000,000 per year for health data study.



I ntroduction to Benefit-Cost Analysis

In the 1960s, the people of the United States became increasingly aware
that the fruits of econom c devel opnment were infected by the rot of
environnental deterioration. Late in the decade and early in the 1970s,
concern grew to such an extent that a nunber of |aws were passed by the
Congress ainmed at not only stemming the deterioration of the environnment
but inproving it as well. As the nation noves into the 1980s, environnental
concerns are still strongly alive, but other mgjor national difficulties
are also pressing. The econony is weak, inflation is high, and there
appears to be no immediate hope for inprovenent. In this adverse econonic
atmosphere, there is heightened interest in the question of whether the
costly environnental regulations that have been put in place are, in fact,
wor t hwhi | e. To try to shed sonme light on this question, appeal is often
made to an econom ¢ eval uation nethod called benefit-cost analysis.

Benefit-cost analysis was developed initially to evaluate water
resources investnents by the federal water agencies in the United States,
principally the United States Bureau of Reclamation (now called the Water
and Power Resources Services) and the United States Corps of Engineers.

The general objective of the method in this application was to provide
a useful picture of the costs and gains associated with investments in

wat er devel opment projects. The intellectual "father" of benefit-cost



analysis was the nineteenth centry Frenchman, Jules Dupuit, who in 1844
wote an often cited study, "On the Measure of the Uility of Public Wrks."
In this remarkable article, several concepts were devel oped which are

still central to the technique.

In the United States, early contributions to devel opnent of benefit-
cost analysis did not cone fromthe academ c or research communities, but
rather from governnent agencies. \Water resources devel opment officials and
agencies in this country have from the very beginning of the nation been
aware of the need for econonic evaluation of public works projects. In
1808, Albert Gallatin, President Jefferson's Secretary of the Treasury,
produced a report on transportation programs for the new nation in which he
stressed the need for comparing,the benefits with the costs of proposed
navigation inprovenents. Later the Federal Reclamation Act of 1902, which
created the Bureau of Reclamation and was ainmed at opening western |ands
toirrigation, required econonic analysis of projects. The Flood Contro
Act of 1936 proposed a feasibility test for flood control projects which
requires that the benefits "to whonsoever they accrue" nust exceed costs.

In 1946, the Federal Interagency River Basin Conmittee appointed a
subcommittee on benefits and costs to coordinate the practices of federa
agenci es in making benefit-cost analyses. In 1950, the subconmmittee
i ssued a landmark report entitled "Proposed Practices for Econom c Analysis
of River Basin Projects." This document was fondly known by a generation
of water project analysts as the "Green Book." VWile never fully accepted
either by the parent commttee or the pertinent federal agencies, this
report was renarkably sophisticated in its use of econonmic analysis and

laid an intellectual foundation for research and debate in the water



resources area which nmade it uni que anong other nmajor reports in the realm
of public expenditures. It also provided general guidance for the routine
devel opnent of benefit-cost analysis of water projects which persists
until now, even though a successor report does presently exist which is
nore adapted to the conditions of the present day.

Following the "Green Book" came sone outstanding publications from

the research and acadenic communities. Oto Eckstein's Water Resources

Devel opment:  The Economics of Project Evaluation (Harvard University

Press), which appeared in 1958, is particularly useful for its careful
review and critique of federal agency practice with respect to benefit-
cost analysis. A clear exposition of principles together with applications
to several inportant cases was prepared by Jack Hirshleifer, James DeHaven,

and Jerone W MIliman in Water Supply: Econonics; Technol ogy, and Policy

(University of Chicago Press, 1960). A later study which was especially
notable for its deep probing into applications of systens analysis and
conputer technology within the framework of benefit-cost analysis was
produced by a group of econom sts, engineers, and hydrologists at Harvard

and published under the title Design of Water Resources Systens in 1962

(Harvard University Press). The intervening years have seen considerable
further work on the technique and a gradual expansion of it to areas
outside the water resources field. A nore recent book which |ooks at
sonme applications to public works other than water-related ones, but which
is in the mainline of the traditional benefit-cost analysis, is Ezra

M shan, Cost-Benefit Analysis (Praeger Publishers, 1976). In addition to

these, there is also a rich literature on the subject contained in

prof essional journals.



The nost striking devel opment in benefit-cost analysis in recent
years has been its application to the econonmic and environnental
consequences of new technol ogies and scientific and regul atory
prograns. For exanple, the Atonic Energy Commission used the technique
to evaluate the fast breeder reactor program (U.S. Atonic Energy

Commi ssion, Updated (1970) Cost-Benefit Analysis of the U S. Breeder

Reactor Program Washington, D.C., January 1972). Oher studies

have been or are being conducted in the areas of water quality
analysis, emssions from stationary and nobile air pollution sources,
and regul ation of toxic substances.

Even while the technique was limted largely to the relatively
straightforward problem of evaluating public works, there was much
debat e anmong econonists about appropriate underlying concepts and
met hods of neking quantitative estimates of benefits and costs--
especially of benefits. Sone of the discussion addressed prinarily
technical issues, for exanple, how best to estimate the demand
functions for various outputs of projects where the outputs were
not bought and sold in nmarkets. COhers were nore clearly value and
equity issues, for exanple, whether the distribution of benefits
and costs anong individuals or regions needed to be accounted for
or whether it was proper to consider only the sums over all affected
parties. Another central issue was what the proper weighting of
benefits and costs occurring at different points in time was to be.
This is known as the "discounting" issue: whether the further in
the future benefits or costs accrue, the less heavily they should be
wei ghted in naking benefit-cost conparisons. Such "discounting” is con-

sistent with private behavior in both consunption and savings (investnent),



but is considered by a significant minority to be inappropriate to
public decisions involving long time periods and widely distributed
benefits or costs.

Application of benefit-cost analysis to issues of air pollution,
wat er pollution, radiation, storage of atomic wastes, and the
regul ation of toxic substances in the various environnental nedia,
further aggravates both the conceptual and quantification problens
which existed in water resource applications. There are severa
reasons for this.

First, while the evaluation of water resource projects often
i nvol ves benefits attributable to public goods -- that is, goods
or services supplied, if at all, in equal amount to a group of
consumers none of whom can be excluded from enjoying them (for exanple,
flood control supplied to a downstream city by an upstream dam), the
bul k of outputs from such projects -- irrigation water, navigation
enhancenent, flood control, and nunicipal and industrial water
supplies -- can usually be reasonably well-evaluated on the basis
of sone type of market price information. This is because private
devel opnents often produce similar or closely related outputs.
Environnental quality applications primarily involve public goods
where useful information from existing markets is difficult, if not
i mpossible, to establish.

Second, such matters as nuclear radiation and toxic materials,
and even sone aspects of air and water pollution, relate to exposure

of the whole population, or large subpopul ations, to very subtle



i nfluences of which individuals may be entirely unaware. It is difficult
to know what nornative value people's preferences have under these
circunstances, and clever methods of quantifying benefits (the avoi dance
of damages) have to be evolved, not to mention justified

Third, the distributional issues involved in these applications
concern not only nonetary benefits and costs, but also the distribution
of actual physical hazard. For exanple, residents of an industrial
city may suffer ill health resulting from pollution associated with
the production of goods consumed in another locality. Wile it is
not out of the question that nmonetary equivalents to these risks
could be devel oped, the ethical issues involved appear to be deeper
than just the associated economc returns. This is especially so
if conpensation is not actually paid to damaged parties, as in practice
it is usually not.

Fourth, in some cases, the effects of a policy decision could
extend to hundreds of thousands of years and to many, many human
generations. Such problens raise in especially stark terns the ques-
tions of if and how the rights and preferences of future generations
shoul d be represented in decision processes today. Realistically,
the preferences of the existing generation nust govern, for exanple,
in deciding how to dispose of nuclear waste materials. The question
is whether the sinple direct desires of existing persons alone are
to rule or whether justice demands that the present generation
adopt sone nore discrinmnating ethical rule or rules of a constitu-

tional nature in considering issues affecting future generations.



Applications of benefit-cost analysis to the nation's environ-
mental prograns bristle with ethical, value, and quantification issues;
issues that are far fromsettled and will require substantial efforts
in research and data collection before significant further progress
can be made in evaluation. The purpose of this docunment is to provide
the U S. Environnmental Protection Agency with an agenda for economics
research on inproving the estinmates of benefits from reduced pollution.
This research agenda is based on the concensus of an Ad Hoc Committee
conprised of |eading acadenic researchers and practitioners in the
field of environmental quality benefits assessnent (Appendix A).

The Committee met in Washington, D.C. on Decenber 29th and 30th, 1980
to discuss research needs and priorities. Those who were not able

to attend the nmeeting were invited to comment on the draft materia
provided, but this final version has not been reviewed by the Committee.

This research-needs statement is divided into six mgjor sections,

this Introduction being the first. In the next section, the relation-

ships between EPA's various environmental prograns and inprovenents
in environnental quality are devel oped, including some of the cross-
nmedi a |inkages where regulations in one program can affect the extent
of environmental damages in a different environmental medium  This
section is primarily conceptual. Its intent is twfold: first, to
provide an overview of the essential elenents of the environnental
benefits estimation problem using the environnmental policy as the
poi nt of reference for conparing costs and benefits; and second,

to indicate where the economics research addressed in the follow ng



three sections of this statenent contributes to the overall benefits
assessnent problem faced by EPA

The third, fourth, and fifth major sections of this docunent
deal directly with economc issues and research. The third section
addresses problens of assigning econonic values to inproved environ-
nmental quality. The fourth is a brief statenent of the state-of-the-
art in assessing the econonmic benefits associated with inprovenents
in environmental quality, concentrating on research sponsored by
EPA's Ofice of Research and Devel opment. The fifth major section
focuses on econonics research and data needs--the information and data
gaps--on pronising approaches to closing some of these information
gaps, and on research strategies for the next stage of the research.
The sixth and final section of the report provides an estimated
budget for the research proposed in the fifth section.

Sone of the exposition presupposes a basic amount of know edge
of consuner demand theory. For those interested readers who have not
been exposed to demand concepts, or who wish to review them a brief

appendi x is attached setting out the main ideas (Appendix B).



1.  Assessing the Benefits of the EPA s Environnental
Prograns and Regulations: An Overview

To evaluate the benefits of an environmental program or regulation,
a conparison nmust be nmade between estimates of the environnental
damages that would occur in the absence of the program or regulation
and those remaining after the program or regulation has been fully
i mpl erment ed. The difference between these two damage |evels, generally
referred to as the damages avoided, represents the benefits of the
program This sounds straightforward, but there is nore to it than
neets the eye. In making this conparison, it is first necessary,
at least in principle, to delineate the pathways of all potentia
i npacts of the program or regulation on people's uses of the environ-
ment both now and in the future. In sone cases, such as with acid
rains, this will involve specifying |inkages between environnenta
media. After these pathways have been identified, it is then necessary
to assess the extent of the various inpacts and to value themin
monetary terns. Finally, it is necessary to aggregate the individua
benefits (danmages avoi ded) across all benefit categories and across
all activities (e.g., households, individuals) in the geographic
area of interest, such as the region of the country or the nation
as a whol e.

The Benefit Estimation System

The research agenda presented in section V of this statenment is
designed to support benefit assessnents of specific environmenta

regul ations as well as EPA's seven major environmental nanagenent prograns:

air quality, water quality, solid wastes, drinking water, noise, radiation,
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and toxic substances. Al of these regulations and programs nmay be
assumed to have, at |east as one objective, the goal of decreasing
damages to people, and nore broadly to the natural environment,
of discharges or releases of unwanted waste materials or energy from
human production and consunption activities. The neans used to contro
the level of damages are al nost al ways one or another conbination
of three basic neasures: (1) source control (e.g., wastewater
treatnment or hazardous waste landfill construction rules), (2) receptor
protection (e.g., water treatnment, sound barriers), and (3) separation
of source and receptor (e.g., land use restrictions). Thus, analysis
of the costs and benefits of any one program or regulation involves
consideration of an entire "systenf, and a rather conplex one at that,
in which people in their production and consunption capacities and
the natural processes of the environment play significant roles.
To conpare in a consistent and meani ngful manner estinmates of the
costs and benefits accruing throughout this "systenf, it is necessary
to select a reference point for the analysis. For our purposes,
the appropriate point of reference is the environnental program or
regulation. Thus the "benefit function" begins at the policy (a
useful shorthand for "program or regulation") itself.

The rel ationship between the environnental program or regulation
and the value (benefits) of environnental services, in general
consists of four mmjor linkages: (1) the relationship between
the regulation or program and discharges of pollutants and contam nants
to the environnent; (2) the relationship between di scharges of

pol lutants and contam nants and anbient environnental conditions
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(the natural systens relationships); (3) the relationship between
anbi ent environmental conditions and the direct and indirect effects
on people (the "dose-response" relationships); and (4) the relation-
ship between direct and indirect effects on people and the nonetary
val ue of these effects.

It is also useful to divide the types of damage that nay be
suffered because of environnental pollution into five categories:
(1) human health effects (increases in the incidence of nortality
or norbidity); (2) recreation and anenity value (changes in the
pattern or quality of recreation experiences or in the quality of the
sights, sounds, or snells of everyday life); (3) existence val ues
(values deriving not from the direct use of environnental amenities
but fromthe intrinsic value people place on the nere existence
of certain levels of such anenities -- or said differently, values
deriving from know edge that certain levels of amenity are to be
sought or maintained); (4) effects on marketed goods (e.g., corrosion
and clogging of water-using machinery or damages to materials and
crops due to air pollution); (5) contingency values (values deriving
from situations of environnental risk, where the effect, whether
short or long run, is uncertain,and therefore anxiety may be suffered or
future options |ost).

The relations anong the elenents of the benefit analysis system
are shown schematically in figure 1. Very little nore will be
sai d about the varieties of control measures; it is assuned in nost of
the discussion that source control is involved. VW do,

however, consider explicitly benefits accruing from drinking water
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protection, where receptor protection is a key regulatory elenent,
and the methods and data nethodol ogi cal issues discussed are broadly
applicable to any of the three approaches or to a conbination of them

It does seem worthwhile to say nore about the |inkages, for these
are often neglected in discussions of benefit estination and pose
special problenms for the analyst or team of analysts. In general
the estimation of the benefits of a proposed or existing program or
regul ation woul d require analysis, of or at |east assunptions about,
each |inkage. (Though in sonme cases it will be possible to combine
or skip links.)

The first linkage would have to be understood in order to predict
how i npl enentation of the program or regulation would affect waste
di scharges or contam nant rel eases to the environnment. This nmay
involve translating generally stated legislative goals into quantita-
tive effects, or allowing for exceptions and exenptions in the
application of quite detailed regulations. It may further involve
state-by-state differences in strategy or tactics,and even the
meki ng of guesses about how reporting requirenents will be used to
anticipate and avoid problens. In short, it is a difficult |inkage
to capture, though vital to the estimation of benefits.

The second linkage -- the natural systems relationships -- is
used to predict the states of the anbient environnent resulting
fromlevels of waste discharges. There are two basic approaches to
devel oping these relationships -- mass and energy bal ances, and
statistical regression. Each has its advantages and di sadvantages.

Mdels in the first category -- e.g., air quality dispersion nodels,
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chemi cal reaction nodels, water quality nodels, aquatic and terres-
trial ecosystem nodels -- are nost highly developed in their trans-
port dinmensions, with the notable exception of toxic materials.
Model s which include conplex chemical and biological reactions and
interactions are still in their devel opmental stages although sub-
stantial progress has been made in the |ast decade.

In cases where internmedia |inkages are involved, they are
included as part of the analysis of natural systens relationships.
Waste discharges to one environmental nedium can result in damages
to another environnmental medium In estimating benefits, all the
rel evant cross-nedia effects should be identified and reflected in
the analysis. The npst notable current exanple is acid rains which
originate as discharges to the atnosphere of sulfur and nitrogen
oxi des from conbustion processes and ultimtely damage soils, plants,
and aquatic ecosystens, particularly fisheries. Oher cross-nedia
exanmpl es include discharges to the atnosphere of toxic materials
from coal conbustion (e.g., heavy metals and other trace el ements)
whi ch are subsequently deposited on |ands and watersheds and which
eventually find their way to surface and groundwater supplies, and
hazardous solid wastes that |leach fromtheir disposal sites to the
surrounding soils and surface and groundwater supplies.

Devel opnent of natural systens nodels and relationships is the
domain of the natural sciences -- nmeteorol ogy, hydrol ogy, hydrodynanics,
l'i mol ogy, chemistry, biology, and ecol ogy; applied physics and

mat hemati cs; and engineering -- primarily civil, sanitary, and
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wat er resources. If estimates of the national benefits of environmenta
prograns and regulations are to be inproved, nore research will be
needed here.

The third major |inkage -- the dose-response relationships --
is used to relate anmbient environnental conditions to the five broad
categories of damages. Mich work remains to be done on the anbient
envi ronnent -user response relationships if truly significant progress
is to be made in inproving estinates of the benefit of environnenta
policies. This area is partly the domain of econonists and partly
the domain of others -- e.g., epideniologists, toxicologists,
physi ol ogi sts, chenists, agronomists and plant physiologists, nmaterials
engineers, and fish and wildlife specialists. Research by economsts
is particularly needed in those areas where others have, not devel oped
rel ati onships useful in benefit estinmation. For exanple, nore needs
to be known about the human health inpacts of environmental con-
tam nants in the air we breathe, the water we drink, and in the food
we eat. Epidemiologists, toxicologists, and health specialists have
not given the human health inpacts of environnental contamination
the kind of attention that is required to devel op useabl e damage
functions. The linkage between levels of contanminants in the environ-
ment and health effects is hard to establish, especially the chronic
as opposed to acute effects. Animal studies have well-known defi-
ciencies, especially with respect to low levels of environnenta
pol | ution. Consequently, substantial information gaps remain which
make it virtually inpossible to assess the effects on human health

of controlling waste discharges to the environment. Better data on
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the effects of long term exposure to environnental contam nants

are badly needed. Econonists have contributed much in the past

to a better understanding of health related inpacts, and can continue
to contribute in the future.

The fouth and final linkage in estimating the benefits of
environmental program -- the user response-valuation relationships --
is used to convert into nonetary values the changes in anxiety |evels,
physi cal danmages, aesthetics, recreation opportunities, and in
human norbidity and nortality caused by environnmental pollution and
contam nation. Research in this area falls squarely within the donain
of economics. There are many techniques available here, ranging
fromthe search for a relationship between characteristics of the
anbi ent environment and information from functioning markets (such
as differences in property values related to air pollution |evels),
to the use of survey techniques in which individuals are coaxed
to reveal directly their willingness to pay to avoid specified
damagi ng situations or to achieve desired environnmental goals.

The distinctions anong these four mmjor |inkages are inportant
for two practical reasons: first, an estimate of the benefits of
one of the Nation's environnental progranms or regulations will have to
reflect sone or all of these linkages -- which ones depending on the
specifics of the situation. Second, the mix of disciplines, the
| evel of effort required to obtain a useful benefit estimate, and the
val ue of and opportunities for further economics research vary

dependi ng on what nust be included in the conputation. The purposes
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of research and of developing better data sets are to inprove estinates
of the benefits. This can be achieved by reducing systematically

the uncertainties in the four relationships discussed above.
Uncertainties exist in all four relationships and these uncertainties
are compounded in actual assessnments of benefits. Placing the benefit
estimation problemin a systens context can assist in identifying

areas where research is needed and, further, in identifying areas

where the greatest payoffs are likely to occur.

Speci al Considerations and |ssues

It is worth enphasizing the generality of this systens view.
It can be applied to any regulation or program now within EPA's
purview and, indeed, to any EPA is ever likely to control. W purposely

chose this franework for organizing the report because we felt that

the obvious alternative -- an inventory of specific programs and
regulations with attendant research needs -- would result in great
probl ens of repetition and annoyance to the reader. Further, nuch

of the research on the devel opnent of nethods proposed in section V
i nvol ves generic problens or techniques applicable across a w de
range of programs and regulations. In many cases, therefore, economes
of scale in research are anticipated.
We should also point out that benefit analysis may be perforned
either before (ex ante) or after (ex post) inplenentation of the
policy and that the issues and problens involved vary depending on
the perspective. For ex ante analysis, it is necessary to predict
the states of the anmbient environment with and without the policy.
For ex post analysis, we know the actual state of the environnent,

but we nmust "predict" the state that would have occurred wthout the
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policy and determine what portion of the difference may actually
be attributed to the policy. That is, we nust do our best to make
sure that the "prediction” really holds all factors other than the
envi ronnental policy constant.

Finally, before leaving this section, one nore issue nust be
addr essed: the special nature of the benefit aggregation problem
In past assessments of national benefits, the aggregation process
has introduced as nmuch uncertainty as has inperfect know edge of the
four major |inkages discussed above. Mbst benefit studies have focused
on a rather narrow set of benefit categories and on a specific geo-
graphic area, and when the time cane to produce a national benefit
estimate, heroic assunptions were made and the results of the nore
detailed studies were extrapolated far beyond what night be considered
justified. Ways nust be found to produce nore realistic nationa
benefit estimates from detailed case studies, and the benefit aggre-
gation problem deserves special attention.

Continued research by economists on the third and fourth areas
(l'inkages), and on problens of aggregation, pronmise to play an
especially inportant role in achieving EPA s objective of obtaining
better estimates of the benefits of its environmental prograns

and regul ations.
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I1l. Problens of Assigning Econonic Values

| ntroduction

Once links have been established between proposed or established
EPA prograns and regul ations and the associated direct and indirect
effects on humans, then the central problem becomes one of measuring
the econonmic demand for a cleaner environment. That is to say
what is the economic value to be attached to a given level of inprove-
ment, or to successively higher levels of inmprovenments, in environ-
mental quality? The methods used to nake estimates of these val ues
necessarily differ anong the different types of effects associated
with environmental quality deterioration. This is partly inherent
in the different situations, for exanple, whether the effect is directly
or indirectly on consuners, and partly a matter of the types of data
it is practical to acquire. As further background for understanding
and appreciating the research and data needs outlined in the fifth
section of this report, we briefly review some central issues in
the econonic evaluation of three of the nmajor routes by which environ-
nmental effects are felt: (1) human health, (2) recreation and anenities,
and (3) nmarketed goods. For purposes of illustration, we
rely heavily on the evaluation of danmages associated with air pollution.
No effort is made to be exhaustive, but rather the aimis to give
the reader an idea of the kinds of problens encountered when one
aspires to assign econonic values to environmental effects. Sone
ot her nethodol ogi cal issues arise as we pursue discussion of the ongoing

and projected future research prograns in the follow ng sections.
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Valuing Risks to Human Life

Sone studies of the health effects of air pollution suggest
that it may cause acute and chronic disease (norbidity), which in
turn may contribute to higher death rates (nortality). A centra
question, then, is what value to place on decreased nortality.

How much woul d people be willing to pay for a reduction in their
risk of earlier death,or how much would they have to be conpensated
to voluntarily accept an increase in this risk?

Economists in the past have attenpted to value human life as
the future earnings over an individual's lifetime (the valued used
bei ng the discounted present value of expected future earnings).
This approach, however, is now no |onger viewed as acceptable.

In the first place, it assumes that the value of a life can, in

fact, be neasured in economic terns -- a point certainly open to

debate. Second, it inplies that the lives of children, housewi ves,
retired, and other unenployed individuals are worth less than the lives
of enployed heads of households. Nearly everyone would find these
inplications ethically unacceptable.

Thomas Schelling was apparently the first economi st

seriously to suggest using observed occupational risk premums to
obtain estimates of required conmpensation for statistical risks

to life, and hence to value anonynous, statistical |ives. (T.C

Schelling, "The Life You Save May Be Your Oan", in Problens in

Public Expenditure Analysis, Sanuel B. Chase, Jr., Ed. (Washington,
D.C.; The Brookings Institution, 1968, pp. 177-213). The cost

of risk idea is ethically nore appealing than the attenpt
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to value a particular human life. The effort here is to put a value
on a snmall increase or decrease in the probability of death for
anonynmous, statistical persons. Inplenentation of this approach
has usually involved a search for information about how much people
have to be conpensated to voluntarily accept a snmall increase in risk
in occupations differing in riskiness -- say the risk of additiona
death per thousand persons. Thaler and Rosen in 1974, using wage
di fferences between jobs varying in the level of job-associated risk
of death, were the first to estimate explicitly the value of changes
in safety. They observed that workers in high risk occupations receive
hi gher wages and argued that a value of safety could be inputed
by exami ng these risk-related wage differences. Qher factors which
i nfluence wages were statistically held constant by use of regression
anal ysi s. Unfortunately, however, the Thaler and Rosen study
dealt with a class of individuals who, because they are engaged
in risky occupations, may be |less averse to accepting risk than
the rest of the population. Even so, the estimate they make suggested
that a small reduction in risk over a large nunber of individuals
which saves one on average |ife per year is worth between one quarter and one
mllion (1978) dollars per year. This is far higher than the
numbers obtained in |ost earnings studies.

The Thaler and Rosen results as well as those developed in
a nunber of other studies are discussed and summarized in Martin
J. Bailey's recent nonograph, Reducing Risks to Life: Measurenent

of the Benefits (Washington, D.C.; Anerican Enterprise Institute

1980). His summary tables (pp. 40, 42) and related text, in which
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all values are in 1978 dollars, show that estimtes of the value of

a statistical life saved vary from $170,000 to over $3, 000, 000.
Cearly, the cost of risk is not precisely known, and perhaps will
never be, since attitudes -- risk averseness -- presumably can vary
over tine, between groups, and even in different situations. But ,

at least we have a range of values with which to make order of

magni tude estimtes of the costs of environmental risks. Likely
values lie between a quarter of a mllion and a mllion (1978) dollars
per life.

There are sone additional observations to be nmade about val uing
nortality risk by a particular nunber derived from observed behavi or
of people faced with risks. First, no distinction is made with
respect to age, sex, enploynent, or other personal characteristics.
This seens ethically acceptable, but mght well be the subject for
debate and perhaps even further study. Second, the value obtained
from existing studies does not vary with the degree of risk.

Wiile we might in general expect the value per life to change as the
nunber of lives at risk changes, a constant value may be defensible
in the case of air and water pollution because it appears that

we are speaking about at nost a small change in the general risk

to health. However, for some other environmental problens, and for
such social risk problenms as large scale natural hazards, this

may not be a realistic assunption.

Val uing Recreational and Anenity Losses: The Case of Visual Perception

Questions about the value of visibility inpacts have become

significant in air quality policy, especially as it applies to conditions
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in the nountain West. The question of how to value such effects

is a very difficult one. In an urban area, one night consider using
differences in housing property values as an indication of anenity
val ues people attach to air clarity. But in scenic rural area,

such as national parks, this is clearly not feasible. Thus it has
been necessary to develop and use alternative mnethods.

Several such nethods rely on questions posed to recreationists
and others affected by visibility inmpacts. In general, respondents
are confronted with images of possible changes in air quality, in
the form of carefully prepared photographs, sonetinmes supplenented
by verbal description. The respondents' valuations of those changes
are then sought by one or another questioning method. Furt her,
respondents are asked to reveal other pertinent personal characteris-
tics.

One nethod of Probing for valuations, called the "bidding ganme";
engages the respondent in a sort of auction, asking: Wuld you be
willing to pay (or to accept as conpensation, depending on the struc-
ture of the exanple situation) x dollars for the change? What about
X + vy dollars? If not that nuch, how about x + 1/2 y dollars?

And so on until a final bid is reached. Responses to these types

of questions are used to estinate demand curves for cleaner air,
taking into account incone, age, and other socioeconom c characteris-
tics of the respondents.

Anot her alternative, known as "rank ordering" involves simlar
visual plus additional information, including same neasure of the cost

or price of avisit. Individuals are asked to rank the alternatives
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from most preferred to least preferred. These rankings reveal trade-
offs anong visibility, other attributes of the site, and npney costs.
These trade-offs can then be used to estimate the benefits of visibility
i mprovenent.

The major concern in using survey techniques to construct denand
curves is that the reply to questions may be biased either because
the interviewee wi shes to deceive or because of problens in the way
guestions are posed. Possible biases which could well exist in
theory have been a nmmjor preoccupation of researchers pursuing the
bi ddi ng gane approach. The main types of bias which have been identi-
fied as possibilities are: (1) strategic bias, which neans that
the respondent may attenpt to influence the outcone or result by
not responding truthfully; (2) information bias, which is bias
resulting fromlack of conplete infornation on the part of the respon-
dent; (3) starting point bias, where the respondent may be influenced
by the opening bid which is usually suggested by the interviewer; and
(4) hypothetical "bias" or inaccuracy, Which could result frominability to
confront the respondent with an actual situation, for exanple,
using a photograph rather than an actual scene.

To test for the presence and inportance of bias and to assi st
in devel oping nethods to control for it, a nunber of "experinents"
using bidding ganes have been conducted. The experiments show that
all fornms of bias can exist. However, it appears that
problens of strategic, information, and starting point bias are al
surnmountabl e with proper questionnaire design and statistical analysis.
This suggests that well designed bidding games produce reasonably

reliable infornmation about the value of clean air from the perspective
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of visibility, at least for specific well defined vistas. The
probl em of aggregating such values to achieve a regional or national

benefit for a visibility protection policy remains to be sol ved.

Val ui ng Market Losses: The Case of Agricultural |npacts

Agricultural production, even in the nost advanced countries,
is heavily influenced by factors that are beyond the producer's
control. Despite a tremendous Increase in per unit agricultura
yields during the past three decades, in part due to successful
breeding of high yield and disease resistant varieties of plants,
favorabl e weather conditions, increased use of fertilizer, insecti-
cides, and nodern farm machinery, total world food production has not
kept up with world popul ation growth. Further, within the nore
industrialized countries, yields appear no longer to be increasing.
This may be partly because of man-induced environnmental factors,
possibly including lower air quality, at least in particular regions.
Some efforts have been made in the past to calculate yield reductions
in such regions and then these reductions have been multiplied by
crop prices to estimate the value of lost production. This apparently
straightforward procedure, is, however, too sinplistic and may very
well lead to deceptive results.

The reason for this is that sone particularly high value agricul-
tural crops, such as vegetables and fruits, tend to be concentrated
in particular geographical regions due to specific climte require-
ments. Gven the concentration of such production, and the known

adverse effects of air pollution on vegetables and fruits, one m ght
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expect price fluctuations for such commpdities in response to changes
in air quality. Any reduction of yields due to air pollution may affect
consuners and producers of those commodities differently. That
is, if the quantity demanded is not very responsive to price for,
say, celery, consumers would suffer a net |oss, while producers in
general will benefit fromthe increase in price of celery resulting
fromthe reduction in supply. On the other hand, if the quantity
demanded is responsive to price, the quantity reduction would result
in both a loss of consuners surplus and a |oss of producer profits.
In this case, the benefit fromreducing air pollution consists of both
the gained consunmers surplus and the increased profit to producers.
Where price effects of the kind described may be inportant, it
is necessary to develop a nethod which can properly handle themin
the process of analyzing economc losses in agriculture fromair
pol | ution.
This also illustrates the idea of "derived demand". The willing-
ness to pay for air quality is not, in this case, because consuners
value the air quality directly but because it is an input to the

production of something they want.

Residential Property Val ues: A Summary Measure?

In an effort to obtain a summary neasure of the val ue people
pl ace on cleaner air, econonists have devel oped a nethod called the
"property value nethod" for application in urban areas. (This is
a specific application of the nore general technique sonetines called
hedonic price or demand analysis.) The idea is to assenble informtion

on all the various characteristics which mght determ ne house
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prices (location, lot size, number of roons, school district, etc.),

on the characteristics of the owners (chiefly incone), and on pollution
level s at the sites studied. Then, using statistical regression analysis,
it is possible to nmake an estimate of that part of the difference

in house prices which is separately associated with differences in

air quality at the different sites. Through a procedure, which is a bit
intricate, and which we need not review here, these estimates can be
used to estimate an aggregate "demand" for air quality in the city or
metropolitan area being studied. The word demand is in quotation

marks in the previous sentence because economic theorists have deter-
mned that only under a particular set of circunmstances can that nunber
be regarded as a valid and accurate estimate of the actual willingness
to pay for an inprovenment in air quality. Nevertheless, the nmethod
has sone very appealing qualities.

It is sonmetinmes relatively inexpensive to undertake property
val ue studies for the necessary data may already exist, and the collec-
tion of new data, which tends to be quite expensive, may thus be
avoi ded.

If a property value benefit estimate can be nade in a particular
situation, it has the further advantage of providing a sunmary neasure
of the value of air quality to people, subsuming,as it is normally
assuned to, such sources of damage (benefit) as visibility, soiling
and nmaterials damage, and to the extent perceived, health effects.

That is, it is possible to argue that all (or almst all) the effects
of air pollution are reflected in differential property values,for

it is through the purchase of particular pieces of property that
consumers act to "buy" a particular level of air quality along with

a bundle of other site characteristics.
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[V. The EPA-ORD Benefits Estimation Program
Acconpl i shments and Ongoing Activities

The EPA program of studies on nethods of benefits evaluation has
al ready involved work on a nunber of categories of environmental benefits
and has begun analysis of sone of the types of problenms outlined in the
previous section. The benefits categories addressed include recreational
anenity exi stence val ues, health, and agriculture. Speci al studies
undertaken as part of the research include a conparison of bidding ganes
and property values in the Los Angeles region, applications of econonetric
met hods to epidem ol ogy, valuation of health risks, acid rain damage, and
agricultural damage from air pollution. Selected results and ongoi ng

activities in these areas are reviewed briefly bel ow

Recreational, Anenity, and Existence Values Benefits

Air Quality. One of the nore significant studies in this area used a
bi ddi ng game to exanine the value people place on the visibility around G and
Canyon National Park. The game was designed to elicit both user value and
exi stence value (the value people who do not use the park neverthel ess
pl ace on the existence of clean air there) fromthe respondents. During
the summer of 1980, people in Denver, Los Angeles, Al buquerque, and Chicago
were shown photographs displaying different levels of air quality at the
Canyon and were asked to say how nmuch they would be willing to pay to
mai ntain high visibility. The bid offered by a respondent to preserve or
inprove visibility was related to his or her incone, education, and other
personal characteristics, and these relationships could be quantified
After this was done, it was possible to estimate the benefits to

residents of the whole Southwest region as well as the entire nation by
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applying statistical techniques to the results of the survey. The results
indicated that for the Southwest Region (for residents of California,

Col orado, Arizona, Utah, Nevada, and New Mexico) annual benefits from
visibility protection at G and Canyon National Park might anmount to nearly
nine hundred mllion dollars; and for the United States as a whole, the
val ue mght approach ten billion.

These results reveal that Americans place great value on the
preservation of air quality in the Gand Canyon region and that this
valuation is not localized in the Southwest, but probably extends to
people all over the nation. Further, it was found that the existence val ue
overwhel ns a substantial user value for the National Parks in the region.

Because the Grand Canyon is the dominant feature in a region wth
many visitor attractions, one nust be especially cautious in extending
these findings to other recreational attractions. It seenms |ikely that
there are only a very few natural phenormena in the United States about
whi ch Americans have such strong feelings. Cbvious candidates for this
short list include Od Faithful (in Yellowstone National Park) and N agara
Falls.

A conmpani on study of visibility benefits in the eastern United States
is presently underway.

VWater Quality. In the water quality area, work on recreational,

amenity, and existence values is ongoing. An experiment with survey
research methods was conducted to elicit both user and exi stence val ues

attached by people to the national goals set out in the dean Water Act.
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In this undertaking, four different versions of an instrunment which
depicted levels of national water quality on an eleven-step water quality
| adder were administered to subsanples of a national personal interview
survey. After a series of explanations and prelimnary questions, each
respondent was given a card,which contained an array of dollar anounts and
was keyed to his or her inconme through indications of the tax cost of
other public programs at that incone level. The respondent was then asked
what anmount, if any, he or she would be willing to pay in higher prices and
taxes each year to maintain or to achieve boatable, fishable, and sw nmable
water in the nation's rivers and |lakes. The average annual anounts people
were willing to pay (per famly) for levels of water quality were:

Boat abl e--$154 (range $138 to $170); Fishable--$189 ($171 to $207); and
Swi mmabl e- - $218 ($198 to $238).

In connection with recreational values of water quality, an approach
to the estinmation of the benefits has been devel oped that bypasses the
enornous practical and theoretical obstacles to aggregating site-specific
results to the national level. The approach is based on capturing the
i npacts of changes in water areas available (by state) for different forns
of water-based recreation on participation probabilities and extent of
participation for individuals across the United States. The nethod is
currently being applied to the projected results of inplenenting the 1972
Federal Water Pollution Control Act Amendnents (as further amended in 1977).

Experiments are al so being conducted to see if information concerning
what people pay to comercial fee fisheries can be used to eval uate what
people would be willing to pay for inproved recreational fishing access due

to inproved water quality.
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Conparing Bidding Games with Property Val ues

As indicated in section Ill, for the household sector, two distinct
approaches to valuation of environnental quality have energed from recent
research. The first involves the analysis of how sone actual market prices,
such as real property prices, are influenced by environnental quality
attributes of the properties. The second, used in one of the studies just
described, tries to induce individuals to reveal directly their actua
preferences for different |evels of environmental quality by means of a
bidding game. Cearly, if these methods are valid, there should be a
wel | -defined rel ationship between what people do pay through differences
in property values and what they say they will pay.

A study of the value of air quality in the South Coast Air Basin of
California was designed to test and conpare these procedures. The results
indicate that air quality deterioration in the Los Angel es area has had
substantial effects on housing prices and that these are conparable to
what people say they are willing to pay for inproved air quality. Moreover,
the property value estimates are higher than the average bids, which was
expected on theoretical grounds.

Based on these results, rough estimtes can be nmade about willingness
to pay for inproved air quality throughout the South Coast Air Basin. Such
a cal cul ation suggests that benefits for a 30 percent inprovenment in air
quality in the South Coast Air Basin may be on the order of a billion
dol l ars annual l'y.

As a caution, however, it should be kept in mind that the South Coast
Air Basin studies were conducted in a region where individuals have an

exceptionally clear-cut pollution situation that they thenselves experienced
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and where the effect of clean air on property values, and in turn, on
the degree to which people are aware of increased housing prices in high

air quality areas, appears to be exceptionally well specified.

Application of Econonetric Methods to Epi dem ol ogy

A substantial effort has gone into the application of econonetric
nethods to epidenmiology to try to establish relationships between human
nmorbidity and nortality and air and water quality. In contrast to
traditional epidenmology, the application of econometric ideas explicitly
recogni zes that people nake conscious choices about behavior that affect
their health, for exanple, seeking greater medical care in areas where
greater risks to health exist. In general, as further discussion of
specific cases below will nake clear, this effort has not yet yielded
conprehensi ve dependable results. The efforts to relate norbidity to air
quality have resulted in even nbre uncertain results than those pertaining
to nortality. Only the nortality results will be discussed here

Both the air and water studies proceed by estinmating an equation of

the follow ng general type

MRTALITY RATE = F(MEDICAL CARE ACE, GENETIC  FACTORS. BEHAVI OR/ HABI TS, DI ET, EXPOSURES)
Heart  Disease Doctors/ Capita  Median Race Snoki ng Vi tam ns Radi ati on
Age .
Cancer Hospi t al Room Density Sat ur at ed Air
Beds/ Capi ta Fat Pol | ution
Vascul ar Race
Di sease Chol esterol Cold Days
Pneunonia and Protein
I nfluenza
Addi tives
Cirrhosis
Al cohol
Enphysema and
Bronchitis Cof f ee
Ki dney D sease Tap Water
Quality
Congeni t al
Anonal i es

D seases of
Early Infancy
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Contaminants in Air. For the air quality analysis, it was possible to

devel op a data set in sixty cities containing the variables shown in this
equation. The dietary and snoking variables had to be estinated quite
crudely, however, for there exist no observations on them For exanple,
cigarette consunption per capita for a particular city was estimted from
cigarette sales tax data for the state in which the city was |ocated.
Surely one cannot make any great clains for the quality of these data. It
was felt, however, that they were potentially so inportant in influencing
health and nortality that to exclude them would be inviting even nore
serious error.

In the analysis of air pollution variables, only two statistically
significant relationships appeared--between particulates and the pneunonia
and influenza variable,and between sulfur dioxide and the early infant
di sease variable. Both of these are acute effects. The fact that no
chronic effects showed up does not necessarily nean that none exist but
perhaps only that macroepi dem ol ogy with poor data cannot find them  One
reason could be that data on the actual air pollution exposure history
of people are not available in this country. In view of both changes in
environmental conditions and the mobility of the population, current
observations of ambient air quality may not be good enough indicators of actua
exposure to capture any effects of air pollution on degenerative disease.
Anot her reason is that the results are very sensitive to the "specification”
of the equation (that is, to the particular variables which are included).
This is a general problem that plagues epideniological studies using

statistical nethods.
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Taking the results of the air quality study at face value, and applying
some of the estimates of what people require as conpensation for a smal
increase in the risk of death (up to $1 nillion per expected |life saved) vyields
large estinmated benefits fromair quality control. For a 60 percent
reduction in urban anbient concentrations of particulates and sul fur oxides,
the nunbers range between 5 and 16 billion dollars per year depending on
which estimate of the value of risk reduction is used.

Contamnants in Drinking Water. A later effort to identify and

quantify the relationship between drinking-water quality and health, which
is still in progress, has to some extent become an examination of the
broader question of what can be |earned from aggregate epidemn ol ogy about
the relationships between environnental quality and health. Because people
are exposed to pollutants through both air and water routes, both air and
water quality variables were included. Because health depends not only
upon "involuntary" exposure but also upon "lifestyle" choices nade by
i ndi vidual s--cigarette and al cohol consunption, and the level and quality
of health care services are exanples--lifestyle variables were included
as they were in the air study. The drinking water quality variable
i ncluded was for trihal omet hanes, chem cal products of reactions between
the chlorine used in drinking water disinfection and humc acids present in
the raw water. These chemicals are believed to be carcinogenic.

The empirical results so far obtained can be sunmarized as foll ows.
What is believed to be a plausible range of alternate specification of
interrel ationships anong environnental quality, lifestyle, and
quantitative variables was examined. The inplied quantitative measures

of the inportance of the drinking water variable suggests that at |east
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the trihal omet hane nmeasure of drinking water quality is insignificant as

a determnant of nortality. \Wile sone quantitative neasures of the
importance of the air quality variables suggest that they are indeed
inportant, those nmeasures are unstable over the plausible range of specified
i nterrel ationshi ps. Because of that instability, no firm conclusion can

be drawn from this study about the probable contribution of air quality

i mprovenent to reductions in nortality risk.

Agricul tural Danages

As indicated in section Ill, agricultural production is affected by
many i nfl uences beyond the control of individual producers. In
agricultural regions within or near urban areas, air pollution has in
recent decades becorme one of these influences. As noted there also,
when these agricultural regions, say because of unique climte
characteristics, domnate the national or regional production of selected
crops, output price increases may occur when air pollution reduces crop
yields. These price increases will reduce the well-being of consuners.

In addition, if increases in nmarket prices are insufficient to offset the
reduction in output (demand is relatively elastic), producers may also be
made worse of f.

Seasonal ly (mainly in winter and in spring), Southern California
produces a major share of the nation's vegetables and fruits. Also, large
volunes of field crops such as cotton and sugar beets are grown in the
region. The adverse biological effect on many of these crops of the snog
that periodically blankets the region are well documented. However,

attenpts to assess the economic inpacts of these effects have been few.



36

Moreover, those attenpts that have been made use the inappropriate nethod
of multiplying the estimated reductions in yields by an invariant price

A procedure was devel oped, and applied in Southern California,
whi ch accounts for price effects on consuners and producers and for changes
in cropping patterns which occur in response to changes in air quality.
Anmong the quantities calculated to reflect damages are changes in
consunmer surplus and changes in profit. These quantities were calcul ated
with and w thout 1976 levels of air pollution

Elimnation of 1976 oxidant air pollution and the attendant net
increases in aggregate production would have increased 1976 producer profits
by about $35 nmillion and consumer surpluses by about $10 million, resulting
in an increase of about $45 mllion in total. This latter figure represents
about 3.7 percent of the $1.22 billion total annual farm value of the
fourteen crops produced in the area in 1976. Wile this is a significant
amount, it is outweighed by the urban damages in the area, described

earlier, by at least a factor of ten.

Acid Rain

Over tine, it has become increasingly apparent that rain-out and
ot her types of deposition of materials from the atnosphere are mgjor
sources of contami nation of water courses. Special interest and concern
has cone to a focus on acid deposition. Wen fossil fuels, especially
coal, are burned, conpounds of sulfur and nitrogen are released along with
the other flue gases. Through chemical transfornmation processes in the
at mosphere, these are partly converted to sulfuric and nitric acid. \en

this acid rains out of the atnosphere or is otherw se deposited in water
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courses, especially lakes, they may becone so acid that they cannot continue
to support fish life. Aso, increasingly acid soils can affect plant life
adversely. Understanding the |ink between emissions at particular sources
and such ecol ogical effects is difficult, and research on the question is

in its infancy.

Neverthel ess, one of the projects undertaken in the EPA program of
research attenpted to determne the order of magnitude of the danmages due
to a very large increase in acid rain, The absolute values of these
estimates are of such |ow probable accuracy that there is no point in
reporting them here. However, their relative values are interesting and
provi de sonme indication as to where future efforts to produce nore refined
estimates should be concentrated. It appears from these results that
potential ecosystemrecreation damages and potential naterials damages

greatly outwei gh any others that could be identified.
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V. Research Needs and High Priority Research Areas

| ntroducti on

In the preceding three sections of this report, we considered
the |inkages between the EPA' s various environnmental prograns and
specific regulations and the resulting inprovenent in environmenta
quality, and discussed problens of assigning econonic values to inproved
environnental quality. W also reviewed the state-of-the-art in
assessing the econonmic benefits of reduced pollution, concentrating
on research sponsored by EPA's O fice of Research and Devel oprent.

In this section, we outline the research needed to inprove

estimates of the benefits of EPA s environnmental prograns and regul a-
tions, considering along the way alternative methodol ogi cal approaches
to obtaining the necessary information. W also provide a |ist of
high priority research areas and projects for the next stage of the
research

The discussion in this section is divided into two major parts.
The first, part A, considers research needed to develop the relation-
ships between alternative anbient environnmental conditions and
the val ues human beings place on these conditions. The discussion
is organized around the five mmjor benefit categories described
briefly in section Il, and for the nost part involves the assunption
that anbient environnmental conditions are given.

The second part, B, of the agenda addresses broader issues of
research strategy that relate to EPA's ultinmate goal, the inprovenent
of estimates of national aggregate benefits. The focus in Part B
is on two major issues: predicting changes in anbient environmental

conditions resulting from prograns or specific regul ations; and
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the prospects for reducing the uncertainties in national estinates.

Al though the two parts of the agenda are treated separately in
this section for purposes of exposition, they are not conpletely
i ndependent of one another. The choice of a nethodol ogi cal approach
to estimating the value of a change in anmbient quality may well depend
on what |evel of aggregation (site-specific, regional, or national)
is ultimtely desired. Conversely, the appropriate |evel of environ-
nmental detail to seek from nodels endeavoring to establish |inkages
bet ween environmental policies and anbient environmental conditions
will often depend on the valuation technique to be used as well as on

the | evel of aggregation required.

Research Agenda Part A - The Benefits of |Inproved Anbient Conditions

This first part of the research agenda concerns itself wth
research needs in estimating the benefits of given inprovenents in
anbi ent environnental conditions. The discussion is organized around
the five najor benefits categories:

e Hunan Heal th

e Recreation and Anenity Value (user oriented)

e Existence Value (nonuser oriented)

e Effects on Marketed Goods

e Contingency Val ue

A special section on benefits of hazardous substances regulation is also included.

Human Health Benefits

Peopl e are exposed to pollution and its by-products through
beverages they drink, the food they eat, and the air they breathe

(in the home, the workplace, comercial establishnments, and anbient
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envi ronnent). Two basic steps are involved in estimating the health
benefits of reducing the level of contamination via these routes:

(1) an assessment of the effects on health expressed through changes
in nortality and norbidity (including inpaired physical or nental
capability, and genetic and reproductive effects), and (2) valuation of
these health effects The purpose of this section is to outline,
briefly, alternative approaches applicable to the assessnent of human
health inpacts and benefits and to identify especially pronising ones
neriting new or continued research. Research on health effects will
be addressed first followed by a discussion of approaches to val uing
i nprovenents in health. An overview of approaches to estimating

health benefits is provided in table 1.

1. Direct Human Health Effects

There are essentially two ways to |earn about human health effects
of environmental contam nants--extrapolation fromthe results of
ani mal experinents and epidem ol ogi cal anal yses of human experience
and exposure. Neither method is straightforward, and the application
of either involves controversy over technique and interpretation of
results. The approach via animal tests involves disputes over
extrapol ation from rodent or bacterial nmpbdels to human responses;
whet her high doses have qualitatively different effects from | ow,
chronic doses; and whether antagonistic and synergistic effects mean
that single chemical tests are of limted utility in the environnental
cont ext. It is not clear that this comittee can add usefully to

these continuing debates and, therefore, while recognizing that aninal
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Table 1.
Reduced Pol | ution:

Overview of Approaches to Estimating the Benefits from
Human Health and Rel ated Effects

Possi bl e Approaches
to Estimating Effects
Benefit Category

Possi bl e Approaches
to Valuation of Effects

Ambi ent  Envi ronnent - User
Response Rel ati onshi ps

User Response -
Val uati on Rel ationshi ps

Direct Effects

Economet ri c- epi demi ol ogy
(using macro and micro

Mortality data sets)

Morbidity
Toxi col ogy-ani mal exper-
iments; bacterial tests

| mpai red Physi cal
and/ or Mental
Capability

Genetic and
Repr oducti ve
Effects

Indirect Effects

Losses Suffered
by QGther Family
Menbers as a Not Applicable
as a Result of
Morbidity and
Mortality

- et em e e e e = m s e .

Val ui ng changes in
l'ife expectancy via
e Differential wage

rates
e Health insurance
prem uns

e Cost of public
prograns intended
to save |ives

Val ui ng changes in
health status via

e Differential wage

rates
e Health insurance
prem uns

e Property value
differentials

e Wirkmen's conpensation

awar ds;
e Cost of health care
[ ]
[ ]
[ ]
e Surveys
e Costs of health care
[ ]
®
[ ]
e Surveys

e Value of |ost services

(court awards for for |oss
of spouse in accidents,

etc.)
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tests may be valuable in identifying dangers and in setting research
and regulatory priorities, we shall not discuss this nethod of
response eval uation further.

Hunman epi dem ol ogy, based on the unplanned experinments generated
by past public and private decisions, is potentially of great value
in obtaining quantitative estinmates of human response to anbient
pollution levels and to acute environnental incidents such as chemca
spills. Unfortunately, there remnins considerable controversy about
the results of investigating this record. The easiest data to
obtain is that based on group experience (such as nortality rates for
netropolitan area popul ations), and considerable effort has been
invested in analysis of these "macro" data sets. The conmittee could reach no
agreenent on an evaluation of these studies or on the prospects for
future work. But it did agree that Great Britain is a promsing
source of such data for an additional test. For several reasons
spell ed out below, British data on health and exposure to environnenta
pollution are likely to be better than that available on U 'S. popul a-
tions. A study using British macro-level data and ained especially
at investigating the norbidity and nortality effects of air pollution
and drinking water contamnation is therefore included as a high
priority project. The committee also believes that it would be worth-
while to convene a conference of disinterested scholars, expert in
rel evant fields such as econonetrics and environnental health, to
exam ne carefully the record of nacro-epidem ol ogical studies and to

attenpt a consensus eval uation.



43

The use of data on individuals ("mcro" data) holds considerable promse
for epidemological identification of the subtle effects of pollution
on human norbidity and nortality. A possible problem here is that
most data sets on norbidity use self-reported disabilities as the
measure of health status. But individuals' perceptions of their
own disabilities may vary with a variety of psychol ogi cal and economc
parameters (for exanple, the desire to use up sick leave). Thus,
uncertainty about the real circunstances can be considerably reduced
if clinical measures of organ systems functions can be obtained and
used as the neasure of health status whose occurrence is to be
explained. A few norbidity data sets do exist that enbody neasures
of organ system function for individual humans, as well as detailed
informati on on nedical and occupational histories. They have not
yet been exploited in econonetric-epideni ol ogical investigations,
however. Potentially useful sets include: the Health Insurance
Study of the Band Corporation [Brook, et al. (1979) "Conceptualiza-
tion and Measurenment of Health for Adults in the Health Insurance

Study,” Medical Care vol. 17]; the Seventh Day Adventist data set

stored at Lonma Linda University in Loma Linda, California; and the
Heal th Examination Survey [National Center for Health Statistics

(1973) Plan and Initial Program of the Health Examination Survey, Vital

and Health Statistics, Series 1, No. 4 (Washington, D.C.: GPO].
Anot her possibility that should be explored is investigation
using United Kingdom data on individuals. The existence of the

Nati onal Health System there, fromthe late 1940s to the present,
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has led to a uniform system of data collection for both nortality
and norbidity, a system which includes observation on several life
style variabl es such as smoking, diet, and al cohol consunption
Furthernore, the population of the British Isles is apparently far
| ess mobile than the American popul ation. Accordingly, recent neasure-
nments of anbient environnental conditions should reflect exposure
history nore adequately than for the population of the United States.
In early contacts, the British authorities have proved very coopera-
tive. A British data set should be assenbled and anal yzed using the
best statistical techniques avail able.

A further source of epideniological data and insights that
remains to be explored in a systematic way is the relation between
wor kpl ace exposure to contam nants and subsequent norbidity and cause
and timng of death. Asbestos, synthetic chemcal, and dry cleaning
workers may serve as a basis for extrapolating a known hazard from
a small popul ation exposed to a high dose, to a large popul ation
exposed to a | ow dose. Special purpose studies have been done in this
area, but often by interested parties in disputes over liability,
and an objective investigation of the availability of data on
exposure, health and nortality, and on inconme, life style characteristics,
and other presumably inportant independent variables is in order.

Indeed, in analyzing the relationship between |evels of con-
tam nants in the anbient environnment and human health effects, the
aim should be to consider total exposure--the conposite of all indoor
and out door exposures. This includes exposures in the home, in

public and commercial buildings, and in the workplace, as well as
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in the anbient environment. Recent studies indicate that the | evels of
pollution in schools, hospitals, and residences are a function of

fuel use, ventilation rates, types of applicances, and outdoor
concentrations of pollutants. How to develop a neasure of tota
exposure under these conplex cirecunstances is a difficult research
topic in itself.

2 . Valuing Human Health Effects

A central question for estimating the benefits to human health
of reduced pollution has been and remains what value to place on
reduced nortality (increases in |ife expectancy) and norbidity.
How rmuch woul d people be willing to pay for a reduction of their
risk of earlier death or increased illnesses, or how much woul d
they have to be conpensated to voluntarily accept an increase in
this risk?

Mortality. The benefit of reducing the risk of earlier death
is not precisely known, and perhaps will never be, since attitudes--
especially willingness to accept risk--presunably can change over tineg,
between groups, and can vary in different risky situations. But
there exist several potentially useful approaches to valuation.
These include: differential wage rates and property val ues, insurance
risk premunms, costs of public prograns intended to save lives,
survey responses, and, possibly, other behavioral responses to risky
situations such as seat belt use. The application of the wage-
differential technique has, as explained in section Ill, at |east
produced a range of values for an expected |life saved--from about

one quarter to one mllion (1978) dollars--that at |least allows us
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to bracket within an order of magnitude the potential benefits of
reduci ng environmental risks involving nortality. But we know t hat
deficiencies may exist in the studies that produced these nunbers.
For exanple, they may be focusing on the least risk averse part of
the population, and they nmay not be relevant to situations involving
involuntary risk. Furthermore, they do not deal with the nature of
t he sickness producing death (the "quality of death"). And they do
not address the nonetary and psychol ogical costs that a death inposes
on others still living.

These problens should be addressed in future research.

Morbidity. Valuing the effects of pollution on norbidity is a
chal I engi ng task because the range of possible damaging effects is so
di verse. For exanple, there may be adverse effects on |abor productivity
either because a person is actually physically ill, or, nore indirectly,
because of his or her physical or nmental abilities have been inpaired
by exposure to environnmental contani nants such as |lead. O her
damages include the medical costs of treating illness, the psychic
costs to the victims in ternms of pain and frustration, and dis-
utilities inposed on others, especially famly nenbers, due to an
illness. It will take innovative and ingenious research to quantify
these types of dammges, and an effort seens nerited since prelimninary
research suggests their nagnitude nay be quite large

In sone cases it nay be possible to shortcut the actual |inkage
between pollution and disease by estimating the relationship between
anbi ent environmental conditions and such variables as productivity and nedica

costs directly, without the intervening step. This possibility seems wel

worth exploring.
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Losses suffered by other famly menbers as a result of norbidity

and nortality. This is another very difficult area though again it

is possible to conceive of survey approaches that mght yield useful
results. Measures based on |ost earnings or |ost services (e.g., house-
keeping) could provide |ower bounds. The pain and suffering aspects

m ght be intractable, though sone rough bounds m ght cone from court
awards to survivors of accident victinmns.

3. Hgh Priority Research Areas

e Further testing of macro-epidem ol ogical nethods using
British data

e Conference on evaluation of existing macro-epidem ol ogi -
cal studies

e Econonetric-epidemn ol ogi cal studies of morbidity and
mortality using mcro-level data fromthe United States
and Geat Britain.

e Pilot study of potential for extrapolating pollution
health effects from workpl ace exposure.

e Further work on valuation of health effects

- inplications of differential levels of risk aversion
in popul ation;

- effect of involuntary nature of risks

e Refinenent of nethods for valuing norbidity damages,
including losses suffered by other famly menbers

4, Data Ceneration Needs

Two inportant questions inmplicit in the above discussion
of study possibilities and related data inadequacy are: \What kind
of data would be better? And, is it worth incurring the cost
of assenbling such data from existing sources or fromindividuals
directly? Regarding new data sets, there are two major alternatives
in addition to the assenbly and exploration of British data as

described briefly above.
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One such possibility might be called the creation of "piggyback"
panel data sets. This effort would build on existing data sets by
assenbling additional, conplementary data on the units of observation,
resulting in a data set suitable for studying relationships between
health and environmental quality. By using existing data on nost,
or at least many, variables of interest, the costs of assenbling a
panel data set are substantially reduced, with data generation
costs incurred only for the additional variables.

Feasibility of the piggyback idea depends, of course, upon the
exi stence, availability, and quality of large health status pane
data sets. Several candidate sets have been identified, both in the
United States and abroad--particularly in the United Kingdom and in
Sweden. But no systematic examination of their suitability for
econonetric epidemology, and of the costs of assenmbling the conple-
mentary variables that nay be necessary to nake them suitable for
such work, has been undertaken. Such a systematic examination is
a step toward assessing the prospects of piggyback econonetric
epi deni ol ogy. After such an exami nation, the costs and potentia
val ue of such work can be brought into focus. The nethods for
estimating those costs, and that potential value, will be identical for
bot h pi ggyback panel studies and panel studies built on newy collected
dat a. For that reason, we discuss only the latter here

In order to estimate the cost of a panel data set suitable for
studying relationships between human health and environnental quality,
assunptions about the size of the effects we are |ooking for, and

about characteristics of the sanple, nust be made.
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Suppose that we are looking for effects responsible for 50
addi tional deaths per hundred thousand individuals in the age cohort
50- 65. Sinple statistical argunents then suggest that a "panel"-- a
group of individuals observed over tine--would necessarily be of
size 5,000 to 10,000 if there is to be any hope of establishing,
or rejecting, clains that effects of this size are present.

The reader should be warned that a poorly-designed panel study
run at whatever cost can yield useless information. The design of
a good panel study--selection of panel participants, of variables
for observation in interviews and physical examinations, and choice
of data base management nethods--is itself a major enterprise
It should be noted that the results of a successful panel study of
this type might be of great inportance not only to efforts ained
at an understanding of the relationships between environmental quality
and health, but also to efforts to understand the determ nants of human
health in general

5. High Priority Data Gathering Project

e A single cross section or continuing panel study of the health

of 10,000 selected individuals in the United States popul ation.

Recreation and Anenity Benefits

The recreation and anmenity benefits of pollution contro
are limted in this report to those deriving fromdirect use of
envi ronnental resources. In this respect, they differ from

exi stence and contingency value benefits, described bel ow, which
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derive not from direct use, but from the know edge that the environ-
ment is getting cleaner or that future options are being preserved
Wthin the category recreation and anmenity, there is a further
necessary distinction. In recreational activities, the environmenta
“backdrop” has an anenity value (e.g., a walk along a clean river
is probably valued nore highly than a walk along a polluted stream,
and we subsume this in the valuation of the activity itself.
But the environmental backdrop for all activities of daily life
may al so be presuned to have value. These anenity values are to sone
extent, and in certain cases, included in property value differen-
tials, and though one would not expect that they could be disentangled
from other sources of such differentials, for certain aggregate benefit
estinmation problens this may not matter.
An overview of possible approaches to estimating recreation and
anenity values is provided in table 2.

1. Water-based and Water-backed Activities: Recreation and Amenity.

Recreation Participation Rates and Val uati on. Here we consi der

recreation in its nore conventional sense--as a voluntary participa-
tion activity. One traditional approach to the econom cs of outdoor
recreation searches for the determnants of the decision to partici-
pate in an activity. In the context of water pollution contro
benefits, the relevant idea is that the quality of the water available
for a particular recreation activity--or the quantity of water of

a given quality--influences the decision whether or not to partici-

pate and how much time to devote to participation.
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Overview of Approaches to Estimating the Benefits from
Reduced Pol | uti on:

Recreation and Amenity Val ue

Benefit Category

Possi bl e Approaches to Possi bl e
Estimati on of Effects Appr oaches

Nat ural Systens

to Val uation

Ambi ent Quality User- of Effects

Model s Response Rel ati onshi ps
Wat er - based Recreation Changes in partici- Val uation per
pation rates participation
e fishing unit:
e boating e travel costs
& SWinmng ® surveys
e denand func-
tions from
VNt er fee sites
Quality
Mdels \ = = === == =« == =x=-=-=-=---
e User denmand functions from
user surveys
Wt er - backed Recreation/’ e Site demand functions from
Aneni ty site surveys or travel cost
met hods.
e picnicking
e wal king e Hedonic travel cost nethod
e View ng
Ceneral Anenity
e visibility e Property values
Alr Quality
e odor Model s e Surveys
e scenery Wt er - bidding ganes
Quality
Model s - anchored estimtes
® Noi se Noi se trans- - rank orderings
m ssion nodels
- public budget reallocation
o litter Not applicable
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The conventional unit for the participation variable is the
activity day. Prediction of the level of activity days is one part
of the participation-based benefit estimation nethod, and putting
a value on those days is the other. At least three valuation nethods
present themselves as alternatives. One is a survey technique in
whi ch the questions probe willingness to pay for a day of the activity
in question. (This has been attenpted by the U S. Fish and Wldlife
Service in its quinquennial surveys of fishermen and hunters.)

A second is the direct neasurenment of a demand function based on
data from places at which people pay fees to indulge in (the) particu-
lar activities. (There is a problemin applying this method to the
United States, for it seens to be true both that very little water-
related recreation has a price attached to it and that that which
does is qualitatively different fromthe "free" recreation available
more widely.) A third valuation nmethod involves the application of
the travel -cost demand estimating technique. In this technique,

a nmethod is used to infer willingness to pay fromtime and nonetary
costs actually incurred by persons who cone to use a particular
recreation site.

Ot her methods of valuing recreation benefits from pollution
control include the use of property value differentials for |and
surrounding recreational water bodies, and the hedonic-travel cost
technique. The latter uses data from nany markets, therefore has
much more gl obal robustness than standard hedonic studies which | ook
only at one market. The technique, by its nature, avoids the criticism

rai sed agai nst standard approaches -- that they can't provide the
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value of inprovenents if quality is inproved across a community.
The technique also avoids the need to estinate the opportunity cost
of time, a problem which greatly has troubled some other approaches.
Finally, by focusing on inputs not outputs, it relies on objective
measures, not subjective neasures, and it avoids conpletely the criti-
cisns raised against the use of the household production framework
when time matters. |t deserves further investigation in the nationa
benefit context.

2. Arenity Val ues

As indicated above, "amenity" is used in this section to
refer specifically to the background for the activities of everyday
life rather than to the background for voluntary recreation activities.
One possibility for evaluation is based on property val ues--the
differential value of a honme or other piece of property reflecting,
anong other things, the attached anenities (see sections IlIl and |V).
There is the difficulty, however, that any property value differential
attached to pollution will presumably reflect an amal gam of severa
ki nds of effects, such as health, as well as amenity (visibility,
odor, litter). If we want a total anenity value, we may not, for
this reason, be able to get a conponent of it via property val ues.
And further, it will generally not be possible to add total benefit
estimates based on property values to other benefit categories,such
as health effects, because of the danger of double counting. None-
theless, there are circunstances in which this will not natter --
for exanple in valuing a geographically localized policy change -- and

some further experimentation with the technique as a summary neasure
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of several effects is nerited. National benefits estimation from a

| arge nunber of property value studies may becone increasingly feasible
as the Market Data Center in Los Angeles, whose data were used in

the Los Angeles study reported in section |V, continues to add new
cities in a programto develop a national data bank of home sal es

i nformati on. An anal ogous technique is the analysis of wage differ-
entials in areas with different levels of anenities and of

environmental quality. Presumably, a higher level of amenity pernits

| ess conpensation for a given anount of work, other things equal

G her techniques for anmenity benefit estimation include various
survey formats. Four major alternatives are: bidding ganes
"anchored estimates," rank ordering, and public budget category
reall ocation. Each of these appears to have both pronise and problens,
and as described below, we recomend that research on devel oping the
promi se and reconciling the problens receive high priority over the
next several years.

Bi ddi ng ganes are designed for use in very specific situations,
situations that can be described in pictures (see sections IIl and IV)
hence, their frequent use in visibility studies--i.e., when the
question involves the value of a particular vista.

"Anchored estimates" is a nane recently given to a survey
technique in which the cues to the respondent are deliberately nade
| ess specific than in a bidding gane (e.g., general verbal descrip-
tions of contrasting visibility conditions throughout an area rather

than at specific sites under different environnental policies).

A key question is clearly, then, how much difference the specificity
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of the hypothetical valuation situation makes, for both bidding ganes
and "anchored estimtes" face objection on the grounds of the strategic
bias (see section Il11) created by questions about desires and wlling-
ness to pay for public goods, and they differ in the degree in which
they tie down what is being val ued.

Simlar objections also apply to survey questions in which rank
orderings of outconmes are sought; and in which spending in public
budget categories is reallocated by the respondent.

Because these techniques nay allow us to get at benefits cate-
gories very difficult to approach by nore conventional techniques,
further investigation, evaluation, and conparison deserves high
priority in any future research program

3. Hogh Priority Research Projects

e Analysis of property value and wage differentials in the
val uation of environnental anenities
e Experinments in valuing the same anmenity features using
two or nore survey nethods
[ For exanple, one could use two national sanples to val ue
protection of visibility at Bryce Canyon National Park,
giving one sanple a set of photographs "covering" the
Park and the other a verbal description of what is
invol ved--all other cues and operations to be the sane.
More el aborate versions of such experinents can be
i magi ned. ]
e Snall panel experinents conparing two or nore survey tech-

niques in a carefully controlled setting
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[If one accepted that the results of bidding gane techni-
qgues were the standard, then such conparisons would tel
how far off the other survey techniques were. Severa
such experiments mght begin to show whether there was
a bias to this "inaccuracy" or if it was a natter

of larger variance in results.]

4, Dat a Cenerati on Needs

Met hods of benefit estimation based on participation and its
determinants may begin with mcro data (on individuals) who either
do or do not participate in the activity in question, or from
more aggregated data on groups, in which case the relevant variable
is the group's participation rate. To our know edge, there is no
national ly applicable data set of either kind satisfactorily covering
any pollution-related activity other than recreational fishing, and
wi der application of nmethods resting on changes in participation wll
depend on the generation of such data. In particular, a survey should
be designed and carried out that would provide data at |east on
participation in water-based and water-backed recreation activities
along with necessary infornation on residence and soci o-econonic
characteristics of the respondents. Such a survey should provide
enough observations and enough information per observation to allow
the estimation of cross-section participation equations using state-
level (or finer) water quality availability data. A nore elaborate
undertaking would al so involve determning specific |locations at
which the participation occurred (e.g., on which stretch of which river

the respondent boated or in which |ake he or she swam.
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5 Hgh Priority Data Gathering Project

e National participation survey for water-based and backed
recreation

Exi stence Val ues (nonuser oriented)

Exi stence values are limted in this report to those deriving,
not fromdirect use of environnental anenities, but fromthe intrinsic
val ue people place on them and on the knowl edge that the environnent
is getting cleaner or being preserved. Existence values stem from
heritage, national pride, or ethical attitudes concerning nature;
also from historic, artistic, and scientific concerns. In estimting
exi stence values, no direct use of the environnental anenity being
valued is anticipated. Existence value is distinguished from con-
tingency value (discussed below) in that the latter is valued in terns
of uncertainty about whether the environnental amenity might be of
direct value sonetime in the future

For levels of environmental pollution and information on
related environmental effects, only one step is involved in estimating
the existence value benefits of reduced pollution--the valuation step.
Because direct use of the environnent is not anticipated, it is neither
necessary nor possible to estimate the effects of pollution on human
use patterns. Approaches to estimating the benefits of existence

val ues are sunmmarized in table 3

1. Valuing Pollution Effects

In the context of neasuring the benefits of controlling environ-
mental pollutants, existence values can take several forns depending on

what aspect of the environment is being preserved or enhanced
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Table 3. Overview of Approaches to Estimating the Benefits from
Reduced Pol | ution: Exi stence Val ues

Approaches to Approaches to
Evaluating Effects Val uation of Effects
Benefit Category Ambi ent  Envi ronnment - User User Response -
Response Rel ati onshi ps Val uation

Rel ati onshi ps

Sceni ¢ and Not applicable Val ui ng exi stence or

recreationa
units

A cl ean
envi r onnent

Preservation
of specific
speci es

Ecol ogi ca
diversity and
related effects

"know edge" effects

e Surveys
-~ anchored estinate
- bidding ganes

- rank ordering

- public agency
budget real -
| ocation

e Contributions to
single and gen-
eral purpose
conservation
type organiza-
tions
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Scenic and recreational units. People may have a neasurable

willingness to pay to preserve specific scenic and recreational units

such as the Grand Canyon for the general use of mankind and future

generations. The concept of existence value is equally applicable

to man-made structures and artifacts of historical or artistic/

aesthetic significance. Prelimnary evidence cited in section |V

concerning the visibility near the Grand Canyon suggest that existence

val ues for some scenic units and anenities may be very significant.
One approach to neasurenent is to enploy nonnmarket bidding

ganes and other survey techniques, and this approach is well worth

developing further. But it would also be highly desirable to devel op

alternative neasures based on actual behavior rather than on responses

to hypothetical questions. For exanple, while contributions to general

pur pose conservation organi zations, such as the Sierra Cub and the

Nat ural Resources Defense Council, and single purpose organizations,

e.g., Save-the-Redwoods and Nature Conservancy, provide evidence

in support of the hypothesis that existence value is a neaningfu

idea, it is a subject for research whether means can be devel oped

for analyzing this evidence to separate the existence values from

option values and user values, and to establish a basis for extrap-

olating from actual contributors (which may represent a subset of

all those with positive willingness to pay) to the popul ation as

a whole

A clean environnent. Prelimnary work using the anchored estimte

techni que provides evidence that individuals have a wllingness to
pay to assure the existence of a clean environment generally. Future
research in this area should be directed to refining the survey

qguestionnaires to provide better definition of the alternative
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environnmental states being valued, and to determning the extent to
whi ch reported values incorporate benefits related to the individual's
own actual or possible future use of the environnent.

Ecol ogi cal diversity and other subtle effects. The value of

infornmation in gene pools and the scientific research value of particu-
lar ecosystens is not likely to be recognized by the average individual
Therefore, bidding ganmes and other survey techniques nmay not be fruit-
ful in estimating the benefits of this category of existence val ue

Are there other approaches to val uing ecol ogi cal change which are
capabl e of vyielding neaningful nonetary measures of ecol ogical values?
One possibility is to value changes by the cost of replacing |ost
natural ecological functions such as biomass growh or nitrogen
fixation. It is arguable that replacenment cost is a valid neasure

of economic damage only if that function would in fact be replaced

that is, if people found the function to be sufficiently inportant,

in sone sense, to be willing to incur the replacenent cost if the
natural function were lost. This argument raises both ethical and

econom ¢ issues which need to be explored at the conceptual |evel.

2. High Priority Research Projects

e Additional survey research on the value of major scenic
and historical sites which are, or may be, affected by
pol | ution.

e Conceptual and enpirical study of potential use of
contribution and nenbership data from environnmenta

organi zations for existence value purposes
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e Conceptual underpinnings for use of survey techniques,
i ncl udi ng bi dding games, in species preservation and
subtl e ecological contexts. This includes conparison of

survey and replacement cost valuation techniques.

Ef fects on Marketed Goods

The benefits of reducing the effects of pollution on marketed
goods are derived fromthe costs of producing them and the demands
for them As discussed in section IIl using agriculture as an
exanple, in principle, two steps are involved in making this assess-
ment : (1) determ ning the physical effect of pollution on the
mar ket ed good, and (2) assessing the loss in value associated with
this effect. Sometimes it is possible to elininate the physica
effects step by relating increased costs directly to pollution.
Approaches to estimating the benefits of reducing damages to marketed.

goods are sunmmarized in table 4.

1. Valuing Effects on Marketed Goods

Agriculture. Information on the relationship between crop
damage and |evels of anbient environnental pollution is seldom avail -
able, or at least available in a formusable in benefits estimtion.
(That this is not always true is illustrated by the case study of
Southern California agriculture reported in section IV.) Qutput
levels and input prices in agriculture are nmore readily observed
and thus reported, than the corresponding dose-response functions.

This is particularly true where individual farm budget data are
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Table 4. Overview of Approaches to Estimating the Benefits from Reduced
Pol lution: Effects on Marketed Goods
. Appr oaches to
Approaches to Evaluating Effects Val uation of Effects
Nat ur al Anbi ent Environnent - User Response-
Benefi t Systens User Response Val uat i on
Cat egory Rel at i onshi ps Rel ati onshi ps Rel at i onshi ps

Agricul ture

Material s
(hones,
bui | di ngs,
bri dges,
aut ono-
bi l es,
etc.)

Conmer ci a
fisheries

Wat er
supply
(domesti c,
conmer ci al
i ndustri al

Power
CGeneration

Air and Water
Quality Models

Dose-response
rel ati onshi ps

Val uing danages to
mar ket ed goods
e changes in product
costs

e Increased repair
costs, shorter
l'ived products

e Demand anal ysis

e Increased "treat-
ment" costs for
i nputs.
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collected by agricultural experinent stations, as is the case in nearly
every state. Even though the recurring value of pollution-induced
damages to crops appears to be small conpared to sone other categories
of damages, the ease of estimating cost functions, and the readily
available data for estinmation, make the cost approach a worthy can-
didate for further research.
Materials. Decay of masonry, corrosion of netals, weakening
of plastics, discoloration of fabrics, and other forns of materia
degradation apparently represent a considerable |oss attributable
to pollution. Crude engineering estimtes put these damages at a
substantial fraction of the total due to pollution. Moreover, these
estimates do not include damages to historical treasures, works of
art, and libraries. Though the physical laws relating to the degra-
dation of materials are reasonably well quantified, and though these
effects are known as a function of location, attenpts to translate
the effects into benefits of pollution control are handi capped by
a lack of valuation tools. There are relatively few clear-cut
mat eri al choices induced by pollution, and little is known about the
wi de range of producer and consuner material substitution, with sub-
sequent changes in product life, as a function of pollution |evels.
The devel opment of methods for estimating national aggregate
damages accruing via materials damage due to pollution is a form dable
job. A pilot project aimed at nethods devel opment seens advisabl e
before the very large sunms are committed that would be necessary to
gat her and mani pul ate data on use, substitution, and |oss from deteriora-

tion across material or product classes and geographical regions.



64

Such a pilot effort should have high priority.

Commercial fisheries. Because of the conparatively snall narket

in coomercial fisheries affected by the EPA s environnmental prograns,
the relevant benefits appear to be small relative to the other
cat egori es. Consequently, no additional research is recomrended.

Water treatment. Environnental pollution increases the costs

of water treatment. The benefits of reduced pollution in this case

are represented by the treatnent costs avoided. In principle, this

is a straightforward conputation, although the data might not be readily
avai |l abl e. Neverthel ess, no further econonic research seens to be
necessary.

Power generation. Once nore, the likely damages are judged too

small to justify assigning a high priority to research in this area.

2. Hagh Priority Research Projects

e Dammges to agricultural products: developnent of farm
cost functions with anmbient pollution |evels as argunents

e Dammges to materials: pilot project on nethods for
estimating effects and for valuation of those effects.

3. Dat a Generati on Needs

Data fromthe laboratory on the response of sanples of materials
to specific pure pollutants is not easily translated into effects
on nmachi nes, equipment, and structures in use in the econony.
Conplications such as the synergistic and antagonistic effects of
other pollutants present in anbient mxtures, and the presence of

other materials and partial shielding, create serious difficulties

in assessnent.
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Further, material damage may or may not have observable economc
ef fects. It is one thing to observe that copper rain gutters corrode
faster and nust be replaced more often in the presence of acid precipitation.
It may be quite another to observe that auto finishes are damaged,
for other parts of the auto may wear out and force its retirenent
long before any acid rain effect is significant.

Accordingly, it seens desirable to undertake studies of material
damage in practical situations. Because, however, it is unclear
at this tinme how best to proceed, and because a full scale data-
gathering project in this area could be very expensive indeed, it
seenms wise to begin with several pilot projects. These would be
aimed at prelimnary determnation of the inmportance of pollution-

i nduced naterial danage in several sectors: households, commerci al
enterprises, and industry. Surveys of the experience of individual
units in those sectors seemto be a pronmsing way to begin.

4, Hgh Priority Data Gathering Projects

e Pilot surveys of pollution-induced material danage in

several econom c sectors.

Conti ngency Benefits

Contingency value is associated with potential inpacts on the
environment where the effects or value, or both, are unknown at the
time the benefits are estimated but where they clearly mght occur
or exist. Two major conponents of contingency value are option val ue
and anxi ety value. Possible approaches to estimating contingency

val ue are shown in table 5.



Table 5. Overview of Approaches to Estinmating the Benefits from Reduced

Pol | uti on: Conti ngency Val ues

Benefit Category

Approaches to Val uation

Option Val ue
- Species diversity
- Cenetic poo
- Historic value
- Scientific value
Anxi ety concerning potentia

maj or environment al
epi sodes

e Surveys of willingness
to pay (or to be conpensated)

e Natural hazard anal ogs

e Crime and ot her soci al
anal ogs
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1. Valuing Contingency Effects

Option value. Several classes of environnmental policy aim at

preservation, for future possible use, of environmental or natura
resources the loss of which nmight be significant and irreversible.
One exanple is furnished by the preservation of free-flowing rivers:
once a river is damed for hydroelectric power, or inpounded to create
a reservoir, it is virtually inpossible to restore that river to its
natural state. Another exanple is furnished by species extinction.

Speci al conceptual and enpirical problens arise in attenpting
to quantify the benefits of such policies. Sinple neasures of current
use of,and corresponding estimates of current demand for, the environ-
nmental or natural resource will typically understate econom c val ue
This happens because sone value is attached to preserving the oppor-
tunity to use the environmental or natural resource in the future,
particularly if time should prove the environnental resource to have
sonme unique characteristics, or the natural resource to have sone
uni que uses. For exanple, demand for the recreational services of
free-flowing rivers has increased rapidly in the past decades and may
continue to increase. Postponing developnent until nore information
on the rate of increase in demand is avail able nay be warranted.
Simlarly, new nedicinal uses of chemicals produced by or from plant
and ani mal species are continually being discovered. Species extinc-
tion may elimnate natural conpounds of substantial future val ue.

In the last few years, econonmc theorists have done much toward
formalizing these notions. But we are aware of no successful or

prom sing application of these ideas to assessnent of the benefits
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of pollution control policies. Cearly, environnental deterioration
may reduce options; for exanple, a polluted |ake may reduce the
range of fishing options open to anglers who have never fished, but
m ght someday want to fish, in it. Since other methods of valuation
may not capture option values, it is inportant to conduct research
to assess their significance with respect to environnental quality.
Option value is, in sone inportant respects, close to existence
value as a source of benefits. The difference is the central role
in option value of uncertainty. This suggests that suitably nodified
versions of the survey methods discussed in the existence value
section should be explored here as well. The challenge will be
capturing the uncertainty aspect w thout going beyond the rather narrow
limts of people' s ability to process and understand probability
information. As for techniques based on contributions to environnmenta
organi zations, one nust doubt that it would be possible to separate
exi stence and option value as notives, except by resorting to survey
met hods applied to nenbers. But for aggregate national estinmates,
separati on may not be necessary.

Anxi ety value. Another type of environnental hazard is coning

into increased promi nence; that associated with environmental
"episodes.” In such instances, risk valuation has some special
features that remain to be explored. On the one hand, the natura
hazards literature suggests that nost of the tine people systematically
m sperceive and, for the nost part, underestimate, the hazards they
face in daily life. They achieve this very largely by ignoring or
distorting information on which they could base subjective probability

estimates, or by refusing to think in probabilistic terns at all.
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Such behavior may help people to deal better with anxiety or it may
sinply reflect the difficulty of coming to grips with probability
concepts. On the other hand, the Love Canal incident may show that
in the mdst of a continuing "incident", probabilities of danger are

systematically overestimted, and anxiety thus increased. It seens

likely that such anxiety will turn out to be one of the major effects
traceable with certainty to the Love Canal incident, to Three Mle
Island, and to the Kepone contanination of the James River. It also
seens at least worth exploring the possibility that even if systematic
distortion of probabilities is taking place, a generalized continuing
anxi ety about carcinogenic substances is creating continuing danage
in society at large, even anong those of us who have not (yet) been
directly affected by an "incident". Lessening such anxiety through
the provision of rules about use, handling, and disposal of hazardous
substances could be a major benefit of the federal |egislation
and inplenmenting regulations dealing with hazardous materials.
(Mre is said about this below)

Is is possible to estimate benefits from anxiety reduction?
There are some possibilities. They include working from natura
hazard anal ogs, such as floods, to find the inputed value of reducing
the probability of "an incident" affecting a particular population;
| ooking for analogs in other sources of society-w de anxiety, such
as crinme; attenpting conparative property value studies around
sites with potential to cause "incidents" and simlar areas |acking
such sites; and investigating the costs of ex post reactions to

incidents. Wth respect to the last, often the public response to



70

extrene events, if they are thought to be controllable, is to make
new administrative rules and |egislate new regulations. Such new
rul es inpose costs on conpani es, agencies, and consumers. It could
be infornative to select a few of these unusual events, identify the
consequent inportant changes in rules and regul ations, and estimate
the cost through time of these changes on those affected.

Val uing anxiety is a novel, apparently inmportant, and npst
difficult area--one in which there is a strong need for innovative
research

2. High Priority Research Areas

e A pilot project on extension of survey techniques, including
bi ddi ng ganes, to deal with option value and anxiety.

e Systemmtic review of natural hazards literature for
applicability to option and anxiety val ues.

e Review of literature on other social problens intrinsically
i nvol ving uncertainty.

e Exploratory studies of conparative property val ues near
hazardous sites

e Exploratory studies of legislative reaction to extrene
events and the subsequent costs inposed by |egislation.

Benefit Analysis of the Toxic Substances Control Act (TSCA) and the

Resource Conservation and Recovery Act (RCRA)

In the last decade both public and |egislative attention have
shifted from an al nost exclusive concern with the nore famliar and

conventional air and water pollutants. There is now general concern
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with, and debate over, the somewhat novel problens' posed by hazardous

materi al s. It seems worthwhile to comment here briefly
on the analytical problens that will face efforts to estimate the
benefits of prograns aimed at the control of hazardous materials.
Two mmj or pieces of enabling legislation are the bases for
EPA' s hazardous substance control policies: the Toxic Substances
Control Act (TSCA) and the Resource Conservation and Recovery Act (RCRA).

1. The Toxic Substances Control Act

In principle, TSCA can, |like any other set of government policies
and practices, be subject to benefit analysis; that analysis could
proceed either at the level of regulation of a particular chenica
or group of chenicals, or at the level of TSCA inplenentation prac-
tice as a whole. Let us consider how benefit analysis would proceed--
in principle--at each of these levels. For a particular chemca
or group of chemcals subject to regulation under TSCA, benefits
are sinply the damages avoided by the policy--ranging from use restriction
to withdrawal from comrerce--announced by the Administrator. The
rel evant danmge categories are enunerated in TSCA and include, for
both occupational and general popul ation exposures, the health and
envi ronnental danmages associated with use levels and patterns of an
existing chemical--or projected use levels and patterns of a new
cheni cal

For a set of nethods, practices, and decision rules, which together
constitute TSCA inplenentation policy, the definition of associated
benefits is conceptually clear. The relevent neasure is the aggregate

of danmges to health and the environment avoi ded by those policies.
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But the difficulties of translating these concepts into dollar
benefit measures, while famliar in other benefit estimation exercises,
are much nore severe here. Begin with estimation of the benefits of
regulation of a particular existing chemcal under TSCA. For an
exi sting chenmical, health benefit estimation requires estinates of
exposure |evels, dose-response relationships, and a nethod for valuing
heal th damages. For a new chemcal, the problemis even harder
an estimate of health damages avoided requires an estinmate of the
exposures that woul d have occurred had the chenmical not been regul ated.
Though firms routinely make market penetration estimtes for new
products, such estinmates are notoriously difficult for genuinely
novel products.

Finally, consider estimation of the benefits associated with the
set of regulations and practices that is TSCA taken as the policy.
An additional task nust now be added to the tasks |isted above
the benefit analyst needs a nodel of the TSCA inplenentation process.
For what has been done under TSCA |ast year nay be a poor guide
to next year's TSCA inplenmentation practice. If we can make plausible
assunptions about future TSCA practice, then danages avoided, and hence
benefit, estimates can, at least in principle, be made.

2. The Resource Conservation and Recovery Act

At the heart of RCRA is a system for tracking hazardous sub-
stances frominitial generation to final disposal. The benefits
associated with RCRA inplenmentation are, again, the damages avoi ded
by the inplenmentation system conputed with respect to the damages

that would be inposed in the absence of RCRA
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Most observers of the unfolding RCRA inplenmentation process
believe that several years experience may be necessary before much
can be said with confidence about that process. Nevertheless, it is
clear, even wthout that experience, that benefit analysis of whatever
RCRA inpl ementation process enmerges will face at |east one serious
and identifiable difficulty. In particular, because we know so
little now about the level and conposition of hazardous waste
generated, and so little about disposal practices, the "no RCRA
zero point" will be poorly defined

3. Hgh Priority Research Projects

e Projects directly related to these acts and their inple-
menting regulations are described above under "hunman
health benefits" and in part B, below, as part of the
di scussion of tracing the inplications of regulations

for discharges or rel eases.
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RESEARCH AGENDA Part B -- Research Strategies

| nt roducti on

Part A of this research agenda concentrated on problens of
estimating human responses to pollution and the valuation of those
responses. As should be evident from that discussion, there is
still a great deal to be done in this general area before we can be
at all confident of our ability to deal with such difficult and subtle
sources of benefits (damages avoi ded) as human health effects, and
anxi ety, option, and existence val ues.

G ven, however, that the EPA's ultimate interest is in national benefits
estimates for national prograns and regulations, it would not be
sufficient to concentrate only on this last part of the benefit function.
It is also necessary to devote some attention to: (1) problens of
predi cting anbient environmental conditions, with and w thout the environ-
mental prograns and regulations; (2) ensuring that the spatial and
tenporal resolutions of pertinent indicators of anbient environnental
conditions are consistent with the resolutions and data demands of the
eval uation techniques used in the five major benefit categories (discussed
inthe first part of the research agenda); (3) problens of aggregating
benefits across individuals and consuner groups, sites and geographic
regi ons, and benefits categories to produce national totals; and (4)
prospects for reducing the uncertainties in national estimates.

The second part of the research agenda addresses issues of research

strategy, as yet unresolved, that arise out of the EPA's goal to inprove

estimates of the national benefits of its environnental prograns and
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specific regulations. Thus, in this part, the benefits estimation problem
is viewed as a system of conponents to be anal yzed and conbined in the
most appropriate ways to produce national estimates. Uncertainties are

i nherent in aggregate benefit estinmates, but research can reduce the
uncertainty of any particular conponent, and an inportant strategic
guestion is how to get the nost inmprovenment in confidence per dollar of
research funding.

To begin to answer this question, we nmust address two topics in a
little nmore detail: (1) the relationships between the EPA' s environmental
prograns and policies and the resulting anbient environnental conditions;
and (2) opportunities for reducing the uncertainties in national benefits
estimates as expeditiously as possible. The first involves research needs
in benefits estimation that were not addressed in Part A, the second takes
a systens view of the national benefits estimation problem and del ves
into an area where issues of data availability, consistency in information
and in the resolution of that information anong the nmjor |inkages in

benefits estimation, aggregation, and uncertainty are central

| npacts of the EPA's Prograns on Anbient Environnental Conditions

To estimate the benefits of an EPA program or regulation, it is
necessary to establish two alternative anbient environnental states--one
with the program or regulation and one without it. This is true of
benefit anal yses conducted both before (ex ante) and after (ex post)

i npl enentation, although the requirenents inplied by the two situations
differ in some respects. For ex ante anal yses, one nust predict the

resulting future states of the anmbient environnent. For ex post anal yses,



76

one nmust be able to assess the state of the ambient environnent assumi ng
the program or regulation had never been adopted. Both analyses require,
in principle, two steps, as described briefly in section Il: (1) analyses
of the relationship between the program or regul ation and di scharges of

pol lutants or releases of contami nants to the ambient environnent, and

(2) analysis of the relationship between discharges and rel eases of

pol lutants and contam nants and resulting anmbi ent environmental conditions

(the natural systems relationships).

1. From Program or Policy to Discharge

For ex ante benefit analysis, it is generally not possible to find
in the act or regulation a conplete specification of the resulting
di scharge or release levels, even though there may be substantial and
detailed guidelines from Congress Of the Administrator of the EPA. Thus
for water pollution control, the published regulations do provide fairly
specific guidelines for predicting what the pernmitted discharges of any
particular set of existing (and contenplated new) sources should be. But
even here considerable flexibility is left to the permt-witing stage,
and thus ex ante analyses contain an unavoi dable elenent of uncertainty
for this reason. Such uncertainty is magnified greatly by the design of
the air pollution control systemwth the flexibility available for
states' handling of existing sources.

Predicting the effects of toxic substance and hazardous waste
regul ations is yet another matter. One reason for this is that neither the
EPA nor anyone else has indicated how the information that will be collected

and transmitted to the Agency as a result of the regulations will be used
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to identify and address potential environnmental problens that would go
unaddressed in the absence of these rules. For example, how will the
Toxi ¢ Substances Control Act (TSCA) and the Resources Recovery Act (RCRA)
enable the EPA to nip future "Love Canals" and toxic chemicals crises such
as the Mchigan PCB problemin the bud? How will these regulations induce
the changes in behavior that are the essence of this initial link in the
chain of "regulations-to-dollar-benefits?" This has nothing to do with
the effects of hazardous wastes on either human health or on ecol ogica
life support systens, nor with the way such changes should be val ued
Rather, it involves the changes in probabilities and in the extent of
accidental or intentional discharges and of exposures to potentially

hazar dous substances.

Anal ysis of all environmental programs and regulations is further
conplicated by the necessity of separating their effects from exogenous
changes in conditions that affect discharges. The classic case of
confusion in this regard is the British experience with "anti-snoke"

| egislation and the confounding of its effect with the pre-existing trend

away from coal and coke and toward natural gas in home heating. An ex

post exam nation of the actual benefits to be attributed to U S. air
pollution control efforts would face a sinmilar problem of disentangling
the effects of the attractive relative (regulated) price of natural gas
fromthose of the various versions of the Cean Air Act. In ex ante

anal yses, conceptually simlar problens arise, for where discharges are not
constrained in total but only via new source performance standards and the

l'i ke, economic growth can produce lower air quality, other things renaining
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the same. Thus, the analyst nust be careful in defining the "with" and
"W thout" situations to avoid biasing the benefits estimates.

The ability to translate program or policy into discharges and
rel eases is essential to benefit estimation. It is particularly difficult
but also particularly inmportant for those prograns intended to contro
di scharges and rel eases of toxic substances and hazardous wastes. Yet
virtually nothing is known about this linkage. It should be considered

a primary target of opportunity for benefits research at the EPA

2. The Pollutant D scharge-Anbient Environnent Rel ati onshi ps

An enormous amount of research effort over the past six decades has
gone into the devel opnent of analytical nodels and other quantitative
rel ationships for predicting anbient environnental conditions resulting from
di scharges of pollutants The earliest research, beginning in the 1920s;
i nvol ved the devel opment and application of water quality nodels. This
was followed, in the 1950s, by the devel opnent of air dispersion nodels.
The 1960s and 1970s, partly as a result of the increased awareness of and
concern for environmental quality, but nmore inportantly the increased
research budgets nore generally and the widespread availability of digital
conputers in particular, wtnessed substantially increased activity in the
devel opnent and application of natural systens nodels. Mreover, this
field has been so active in the past ten to fifteen years that it is
virtually inpossible to keep abreast of the |atest devel opments and
appl i cations.

Thus, the pertinent issues here concerning research on natural systemns
nmodel s and rel ationships, the second major linkage in benefits estimation,

is not whether the EPA is supporting such research, but whether the
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research that has and is being supported can be used in estinmating the
national aggregate benefits of its program For the nost part, the

devel opnent of natural systens nodels has involved fairly detailed spatia
and tenporal resolutions--froma few hundred to a few thousand feet, and
froma few hours, to a few days, to a single season of the year. This

| evel of detail has, in the past, made sense, for many inportant
environmental inpacts are local, lasting for a relatively short period of
time. Averaging over larger spatial and longer time scales could mss
conpletely a significant portion of the benefits of pollution control. But
this level of detail could strain even the nobst generous research budgets
where national benefits are the goal.

Consi der, for exanple, the construction of a "national water quality
nodel " designed to translate spatially differentiated pollution discharges
into a conprehensive national picture of the resulting water quality.

Such a nodel would have to reflect a certain degree of spatia

di saggregation along individual rivers, streans, and |akes in order that
even rough approximations to actual ambient conditions would be possible.
But due to the very real potential for unmanageabl e nodel size, it would
only be feasible to provide inputs of pollutants and "outputs" of |evels
of water quality at a few locations relative to, say, the number of
stream and river nmiles covered. Finally, even in this conputer intensive
age, it would be expensive to include all the rivers, streams, |akes,
estuaries, and bays in the nation, or even all those with significant

pol lutors, pollution problens, or receiving significant human use. (One
such conprehensive nmodel for predicting levels of water quality in the US.,

for exanple, covers less than 20 percent of the fishable waters in sone
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states and has "nodes" for pollution introduction and water quality
prediction, on average, 66 miles apart.)

To assess the usefulness of such nodels in estimating the benefits
associated with inmprovements in the nation's water quality, four mgjor
questions renmain to be answered: (1) Are the water quality predictions at
preassi gned nodal points accurate enough to support the valuation nethods
used to estimate benefits? (2) Are the predicted levels of water quality
at preassigned nodal points sufficiently representative of the water quality
at other locations along the sane river, lake, or bay? (3) Is the
geogr aphi ¢ coverage of river systenms sufficient to capture the bulk of the
benefits? (4) Can usable relationships be devel oped between the measures of
levels of water quality of which the nodel predicts and the effects on
humans and their activities? |In other words, are conprehensive nationa
water quality nodels sufficiently accurate and sufficiently disaggregated
to be of use in estimating national totals? Anal ogous questions may be
asked for nodels of air pollution dispersion, groundwater contanination, or
ocean ecosystem response to toxic netals in sludges.

As a general matter, conprehensive natural systems nodels covering
the U S. wll be necessary for national benefits estimation; but such
nmodel s either do not exist or exist only in very rough form A usefu
prelimnary exercise would be a state-of-the-art review of those natura
systens nodels potentially usable in national benefits estimation. Such
a review should consider explicitly the indicators of anbient environnmental
conditions and the spatial and temporal resolution of these indicators
demanded by the various valuation nethods discussed in the first part of

this research agenda. Such a review should be undertaken by an
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interdisciplinary team so that the aim of benefits estimation is not | ost
sight of in the enthusiastic pursuit of scientific detail. Such a review

shoul d precede specific conmmitnents to natural systens nodeling projects.

3. Hgh Priority Research Projects

e Devel oping generally applicable nmethods for predicting the
i npact of environmental policy on discharges of pollutants
and rel eases of contam nants
[For ex ante analysis of a particular pollutant, or class
of pollutant, attenpt to predict the effects of the
envi ronnental policy or regulation on discharges of the
pol lutant or releases of the contam nant.]

e Devel oping generally applicable nethods for the separation
of effects of exogenous factors from effects of
envi ronnental policy
[ For ex post analysis of a particular region and a
particular pollutant, attenpt to separate the effects of
changes in environmental policy from changes in exogenous
factors that might have affected the levels of the pollutant
under consideration.]

e State-of-the-art review of conprehensive, natural systens
nodel s potentially useful in national benefits estimation.
[ Revi ew existing natural systens mbdels in relation to the
i nformation demands of various benefits valuation methods
(discussed in the first part of the agenda) and to the need

to produce national totals.]
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I mproving Estimates of National Benefits

For some of the nation's environmental progranms and regul ations,
estimates of national benefits have already been produced; for others, such
estimates have not yet been attenpted. For all existing estimates, there
remain uncertainties and controversies. These may be serious enough to
undermi ne the useful ness of the estimates in policy decisions. A
concerted effort must be nade to reduce these uncertainties if benefit
estimates are to reach their full potential for informng policy decisions.

As pointed out in section Il, and again briefly in this section, the
uncertainties in national estimates result from a conpoundi ng of
uncertainties in the estimates of the four mjor linkages, fromerrors
associated with overl ooking some environnental inmpacts and double
counting others, from errors introduced into the analysis by neglecting
simul taneous solution (general equilibrium problems in situations where
adj ustnents are possible and substitutes are available and where price
changes occur, and from errors associated with aggregating benefits across
consuners, producers, locations, and benefits categories.

The objective of the research needs addressed here is to learn how to
reduce systematically the uncertainties in national estimtes, and how to
do so at least cost (of research, data collection, and analysis). This
entails: first, assessing the level of uncertainty in national estinates;
then, determining the sources of this uncertainty; and finally, exploring
opportunities for reducing these uncertainties. Due to its enormously
broad scope, this problem requires an interdisciplinary approach involving
the inputs of economists, natural scientists, engineers, and systens

anal ysts, anong others. Such information, assuming it were possible to
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produce it, would provide an objective basis for ranking future research
projects ained at inproving estimates of national benefits.

Research on various "pieces" of the national benefits estimtion
probl em has been supported by the EPA's Ofice of Research and Devel opnent
(ORD) for more than a decade. W feel the time has now come for a
parallel effort that would attenpt to place the individual pieces in
perspective. Such an effort would not be fruitful, however, unless it
were disciplined by the intent to seek ways of reducing the uncertainty
in estimates of national benefits.

At this time, not enough is known about the sources of uncertainty,
the quantitative relationships anong valuation nethods and the other nmjor
linkages in benefits estimation, or about the properties of alternative
aggregation procedures, to suggest the best approach to reducing the
uncertainties in national estimates. This is primarily an enpirical issue
and will require some "case studies" and experinentation before nore
i nformed gui dance can be provided. But research on the sources of
uncertainties in national estimates, on the relative contributions to these
uncertainties, and on opportunities for reducing uncertainties in the
nost cost-effective manner seens to us to be an effort worthy of the EPA' s
support. The ultimate goal of such research would be to inprove estimtes
of national totals. A nore imrediate goal would be to provide objective

gui dance on research needs and priorities the next time around.

High Priority Research Project

e A pilot project on conprehensive analysis of uncertainties in

nati onal benefits estimtes
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VI. Budget Projections

The costs of the research projects discussed in section V have been
estimated, and in this section we sumarize the budget inplications of
enbarking on the program outlined in this report. The assunptions and

met hods on which the cost figures are based are as follows:
e For research projects (those involving nethodol ogi cal devel oprent,
estimation using existing data sets, or nodest survey efforts)
we estimted required senior professional person-years and costed
these at $150,000 each. The intention was to cover not only the
indirect costs of the institutions involved, but also the time of
junior research staff, graduate students or research assistants, and
other support. This person-year cost should also provide sone nmargin
for publication expenses. Conmputer and survey expenses were added
separately based on our experiences with simlar projects.
e For the large data gathering projects, we used the follow ng
unit costs:
Recreation surveys: $180 per final personal interview
i ncludi ng survey devel opment, screening Interviews,
and data coding. (Based on costs of 1980 U S. Fish and
WIldlife Fishing and Hunting Survey.)
Heal th surveys: $700 per person for single cross-
section, including sanpling, contacts, interview,
physi cal exam fee, and overhead. $500 per person
per year for a continuing panel study.
e For nmmjor conferences: $60,000 each
e For committee neetings: $14,000 each
We shoul d stress that these figures are in 1980 dollars and that none of the

overal | budget inplications discussed bel ow have been adjusted for

i nflation. Further, it should be noted that while our cost estimates
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include the indirect costs of research institutions, they do not reflect

internal EPA costs of program administration. These could be substantial if

a large-scale research and data gathering program were |aunched.

It is our conclusion, on the basis of these assunptions,
that all the methodol ogical and estinmation research outlined above coul d
be acconplished in roughly 3 years at a total cost of about $8.5 nillion,
or about $2.8 million per year. (It nmight take a year or nore to prepare
and | aunch such an anbitious program Identifying researchers and
institutions, soliciting and review ng proposals, and clearing contracts
or agreenents would all require significant tine.) Holding one najor
conference per year on areas of substantial dispute, such as survey
techniques for determining willingness to pay, or finding health effects
via macro | evel epidemn ol ogy, wul d add $180, 000. Annual neetings of this
comm ttee, which we reconmend, would add roughly another $40,000. A nodest
contingency fund of roughly 3 percent of the research budget would bring
the total cost of the programto about $9 nillion over three years.

If resources are available, the vital task of inproving available data
bases coul d be undertaken as well. These projects are individually nuch
more expensive than those involving methodol ogi cal devel opnent, the manip-
ulation of existing data, or even nmodest forays into applications of survey
t echni ques. Indeed, if a decision is made to begin a health-effects
panel study, it will be necessary to think in terms well beyond the three
year time frame that dominates this report and to be prepared to spend very
| arge suns indeed.

The col l ection of conprehensive health data on individuals, connected

closely to information on personal habits and exposure to environmental and
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wor kpl ace pollution is, in our opinion, the highest priority anmong the data
gathering projects. It can be undertaken at either of two levels. A one-tine
cross-section study of 10,000 individuals would, we estinmate, cost
on the order of $7 mllion. Such a study would require a good deal of
pl anning, sanple design, pretesting of questionnaires, respondent contact,
and subsequent follow up to obtain exposure |evels based on places of
residence and work. There would, in addition, be the task of data coding
It is unlikely that all phases could be conpleted in less than 4 years.

Even nore anbitious, but also nore valuable in the long run, would be
a continuing panel study of several thousand individuals. [f 10, 000
i ndividuals were involved over 20 years, the total cost in 1980 dollars
woul d, we estimate, be roughly $80 mllion

Data on recreational use of water bodies is currently woefully
i nadequate for national water pollution control benefit
estimation. An effort to provide a data base at |east as useful for such
activities as boating, sw nmmng, picnicking, and hiking as the U S. Fish and
W dlife quinquennial surveys are for fishing would involve a substantia
survey enterprise. Based on Fish and WIldlife Service experience, with a
conbi nation of telephone screening and personal interviews, the cost to
devel op a 10,000 person-sanple would be about $1.8 million

It seems clear that data gathering in the area of nmaterials danage
could also have a high payoff and would involve substantial costs. But we do
not feel able to provide cost estimates or even a rough description of such
an effort. Instead, we confine ourselves to suggesting that, in addition
to the pilot nethodol ogical project, a set of three or four reconnaissance

studies ainmed at specific sectors be carried out to provide guidance for
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future directions. If each such survey involved national sanpling and
direct surveys of individual household or firm experiences and costs, each
coul d easily cost $250 thousand. The budget inplication of this
recomendation is therefore a further $1.0 mllion.

To sumari ze the discussion, then, we have:

Table 6. Estimated Budgets for Research on Devel oping National Benefit
Estimates of Reduced Pollution

(1980 Dol lars)

Wth Single Cross-Section Wth Continuing Panel

Health Effects Data Health Effects Data
Effort ($ mllion) Effort ($ mllion)
Met hodol ogy and Estimati on.él $ 8.50 $ 8.50
Conf er ences .18 .18
Meetings of Conmittee .04 .04
Cont i ngenci es .28 .28
Subt ot al 9.00 9.00
Heal th Data 7.00 30.
Recreation Data 1.80 1. 80
Materials Data 1.00 1.00
TOTAL (over three years) $18. 80 $91. 80
Per Year $ 6.27 (For First $ 8.909-/

3 Years)

i/I ncludes pilot project on conprehensive analysis of uncertainties.

R/5$1O, 000 subjects @ $500 per year over twenty years, with sufficient

nortality to reduce undiscounted total costs to $80 ml.

S/Includes $5 mil. per year for health data study.
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APPENDI X B:  WHAT ARE ECONOM C BENEFI TS?

| nt roducti on

Wi le the preceeding report is intended to be a nontechnical
presentation about research on environmental quality benefits, sone basic
knowl edge about a few key concepts for econonic theory is essential to
under st andi ng both the research approaches taken and the results attained.
The nost central of these concepts is that of an economic demand for a
good (a material object which is valued by people) or service. Wen
econom sts speak of demand, they are referring to the relationship between
the real or hypothetical price of a good or service and the anmount of it
consumers will wish to buy at that price. Except in very unusual cases,
the amount consumers will want to take will be less the higher the price.
The di scussion here of econonmic demand is sinple and straightforward, but

very conpact. Close attention on the part of the reader not famliar with

these ideas is invited.

| ndi vi dual Denand

Let us start with a look at individual denmand. Consider the follow ng
nureri cal exanmple of an individual's price quantity relationship for the

fictitious commodity w dgets.

Accunul at ed

Price Quantity Price Price Tines . :
of Taken by Ti mes I ncrenent al TLL?ZWJ:””;S
W dget s Consuner Quantity Quantity Quantity
8 0 $0 0 $0
7 1 7 7 7
6 2 12 6 13
5 3 15 5 18
4 4 16 4 22
3 5 15 3 25
2 6 12 2 27
1 7 7 ! 28
0 8 0 0 28




At a price of eight dollars, the consumer will buy no w dgets, at six
dollars, he will buy two, and so on. |f, for whatever nunber he does w nd
up buying, he is charged the same ampbunt for each one (this is the usual
practice in actually existing markets), then the third colum, in which
the price is multiplied by the nunber taken, will indicate how much he
actual |y does pay. But if one could figure out a way to nmake him pay the

mexi mum he is willing to pay for each individual unit (colum four) or be

deprived of having any widgets at all, then the accunulated price tines
increnental quantity shown in the last colum would reflect his total

willingness to pay for widgets. This is the ambunt he would pay in an "all

or nothing" situation where he either pays everything he would be wlling
to pay or he is deprived of wi dgets altogether.

Now suppose that our consuner decides he wishes to buy 5 widgets
because the going price for widgets is $3 per item He then actually pays
$15, but if he had had no alternative but to pay the maxi mum he woul d have

been willing to pay, then he would have paid $25 for the three. The

di fference between what he did pay and what he would have been willing to
pay, $10, nay be thought to be some extra benefit which the consumer gets
because there are such things as w dgets available in the market. But
because they are uniformy priced at a level less than his maxi mum
willingness to pay, he gets this extra benefit. This additional value

is called consumer's surplus by economi sts. If it were to be the case

that the consuner is not required to pay anything for the w dgets, he takes
eight and his consuner's surplus will be equal to his total willingness to
pay- - $28. In all cases where there is a positive price, his total

willingness to pay will be greater than what he actually does pay because



it will include what he actually pays and his consumer's surplus. For
exanple, if he buys four w dgets, his willingness to pay equals what he
actual ly does pay plus his consumer's surplus (i.e., $16 + $6).

It is usual in expositions of consumer demand theory to express these

i deas graphically by plotting a demand curve for the individual. Belowis

a plot of the nunerical exanple just reviewed.

Price

In the sinple exanple, the demand curve is a straight line. This lineis
generated by plotting a price quantity pair point for each of the pairs
shown in the nunerical exanple, with interpolation between the points. It
is pretty apparent that the accunulated price times incremental quantity
colum (willingness to pay) is the accunul ated area under the demand curve
To see this, observe that every individual price times quantity pair make a

box on the graph as shown nore abstractly bel ow



Pricef
P x Q = area of chis box, e.g., __L¢
amount actually paid
for this Q
Q Quantity

Since the curve represents every possible conmbination of such Ps and Qs
(al'l possible boxes), it follows that the area under the whole curve is
equal to the consuner's willingness to pay at zero price for Q

Again, then, nore abstractly than in the nunerical exanple above, |et

us use a graph to review all the nmain ideas we have defined so far.

+ demand curve
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Aggr egat e Demand

So much for the individual consuner. But for many purposes,
specifically in the case of environmental goods, one is interested in what

is the total demand by all consuners for a good or service (in this case,



wi dget s).

mar ket ?

How, then, does one add up the demands of all consumers in this

If one is willing to make the assunption that all persons in the

mar ket for widgets should be treated equally, that is, to say everyone's

demand counts the same in making up the sum the answer is very easy--we

just add themup. For exanple, assune that there are two individuals

in the widget market and both are just alike--say both are like the one in

the numerical example. In this case, the aggregate demand woul d be just

doubl e the individual demand at any given price. For exanple, at the

price of $5, aggregate Q would be 6, P x Q would be $30, and P x Q

accunul ated woul d be $36.

Again this adding up process can be illustrated a little nmore

abstractly and generally with a graph.

N
ance A = \\~— Demand curve of individual 1
Price -
+ Demand curve of individuals 1 and :
added together where individual !
demand curve 1is similar to

w—nA~~riA 'q‘ 1'
;

i

Quantity Q ZQ

There is no reason why individuals would need to be sinmlar to make

the adding up work. Everything is done the same way if they are not, only

the nunbers are different. Once an aggregate demand curve has been

cal cul at ed,

apply to i

the concepts of willingness to pay and consuner's surplus

t in the same way as to the individual demand curve (still

assuming we are willing to treat everything equally for this purpose).



Stated in its broadest ternms, the objective of the research needs
described in the foregoing docunent is to develop nethods to derive estimates
of the demand (willingness to pay) for inproved environmental quality
which would then be at least |oosely conparable to the demand for other
goods and services. This is to pernit, at |east roughly because of the
uncertainties involved, conparison of the value consumers place on better
environment relative to other goods and services they buy. In practice,
this is a very hard problem But, unfortunately, even from the standpoint
of ideas and concepts, the exposition of basic ideas is not yet conplete
enough to provide a foundation for quantitative analysis because, in fact,

i mproved environment is not a good simlar to widgets. Economists refer to

goods |ike w dgets as private goods, and goods like inproved environment

as public goods.

Private Goods and Public CGoods

In the economist's lexicon, widgets are private goods because they
are divisible and separable. If you buy a widget and use it, that sanme
wi dget does not at the sane time render a service to nme. |If | buy and eat
a banana, you cannot buy and eat that same banana. Such goods are easy for
the private sector to produce and narket because they come in distinct,
divisible units and can be sold to distinct, divisible buyers. Should you,
however, go and buy cleaner air in the city where you and | reside, say by
paying industries to clean up, the services of that cleaner air are at the
sanme tine available to nme even though | paid nothing for them Such
goods are called public goods because their units are not divisible and

distinct. Their services are available to many persons at the sane tine,



including those who do not pay for them Private markets are very bad at
produci ng such goods; indeed, there usually is no private econonic
incentive to produce them at all because while many people could benefit
fromthem no single individual has a sufficient incentive to pay for them
Two chief inplications for the research reviewed in the preceeding
report flow fromthis situation. First, while in principle it is
possible to think of an individual demand curve for cleaner air just |ike
a demand curve for wdgets, there usually will not be market price
information which will help directly in defining such a curve. Sometines,
however, such information is hel pful indirectly. This means further that
devel opnent of methods for obtaining information on how consuners val ue
or woul d val ue, cleaner air, or other environmental inprovenents if they
had more information, is a very inportant task. This is the centra
topic of the preceeding report.
A second inplication is that if individual demand curves are
available for a public good, they cannot properly be added up in just the
sane way as for a private good. The way adding up for private goods

proceeds is called summing horizontally. This is what was done in the

illustration for widgets. Individual demands for public goods must be
sumred vertically.

To see this, refer back to the widgets exanple. Assume that instead
of demand for widgets, the colums refer to successively |ower prices for
air quality inprovements for an individual consumer and the quantities of
i mprovenent the consuner woul d want at those prices. Px Qand Px Q
accurmul ated have the same interpretation as for private goods for this

one individual. But now add a second consuner as was done in the private
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goods case. Wth the second consuner added in, it does not nmean that nore
units of cleaner air eill be taken at a given price, as was the

case with the private good. The sane units of quantity are available to
both consuners. Thus, the willingness to pay for up to three units of
cleaner air is $18 for the first individual plus $18 for those same three
units, or a total of $36. As noted, the kind of sunmm ng done here is
called vertical summing in contrast to the horizontal summing for private
goods. Again, this can be illustrated graphically. It is easier to show
t he procedure when demand curves for the two individuals are not equal, so
the illustration presented assunmes they are not. In the graph bel ow

i ndi vidual denmand curves, say for air quality, are designated D, and D 2 .
For any given level of air quality, say Q the willingness to pay for up to
that level (the cross-hatched area) is the willingness to pay of D1 pl us

the willingness to pay of D2 for the same quantity of air quality inprovenent.

Price

Quantity

This total willingness to pay for Qunits of clean air is in economc
termnology the "benefit" of Qunits of clean air. Since no price is
charged for these Qunits of air, it is also the consunmer's surplus

associated with the provision of Qunits of clean air.
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Conpensati on

A final note on concepts of demand; economnmic reasoning indicated that
when a situation is being considered in which persons are deprived of
sonet hing they otherwi se woul d have had, as when previously clean air is
polluted, willingness to pay for the clean air is not the fundanenta
test of its value to them Rather, if they are to be as well off as before

the change, one nust ask how much they would have had to be conpensated to

be as well off as before. Generally speaking, willingness to pay is

easi er (although usually not easy) to estimate than required conpensation.

If the situation is that the change in econonic welfare because of air
quality deterioration is rather small relative to overall economic welfare

the willingness to pay nmeasure is about equal to the conpensation neasure

In nmost of the studies described in the text of this report, it is

presumed that this is the case, and that the enphasis is on wllingness to

pay.



